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I N T R O D U C T I O N . 
That the subject of immunity offers a wide 
field for research, becomes the more apparent the 
further one investigates this complex question in its 
various aspects. In fact, so wide is the field pre- 
sented to the reader and so numerous the channels in- 
to which it has been divided by the investigations of 
more recent years, that it has become a matter of no 
little difficulty to decide to which of the many as- 
pects of this complex problem one should more parti- 
cularly devote their attention. In the broadest and 
most general terms, the subject of immunity from the 
point of view of research might be said to present 
the following great problems. 
I. The QUESTION of TOXIN and ANTITOXIN FORMATION. 
II. The QUESTION of. BACTERIAL ACTION and the DEVELOP- 
MENT of ANTIBACTERIAL PROPERTIES in the ANIMAL 
BODY. 
III. The QUESTION of PHAGOCYTOSIS. 
IV. The QUESTION of HAEMOLYSIS and the PRODUCTION of 




Of these problems, the first has probably 
so far met with the most satisfactory explanation and 
it might also be said, has furnished the starting 
point of most of the work which has already been done 
in other fields of immunity. In this connection, 
Ehrlich's theory has met with such wide -spread accep- 
tance and would seem to explain the various phenomena 
so satisfactorily that all other theories have become 
dwarfed in consequence. 
With regard to the second problem, namely: - 
the question of Bacterial action and the production 
of Anti -Bacterial substances, it cannot be said that 
the same satisfactory position has been reached. We 
have here so many factors to deal with that the dif- 
ficulties become proportionately great, and so the 
number of theories which have been advanced, to ex- 
plain the various phenomena individually and collec- 
tively, have naturally assumed enormous proportions. 
In the main the two great theories which might be 
said to hold the field are, on the one hand, the 
Cellular theory, supported by letchinkoff and his 
fellow -workers and, on the other hand, the Humoral 
theory, supported by Ehrlich and his followers and, 
which is, in effect, an adaptation of Ehrlich's ori- 
ginal¡ 
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original antitoxin theory. 
The third great problem presented in the 
study of immunity is the question of Phagocytosis, 
more especially in its relation to the Phagocytosis 
of Bacteria. 
The fourth and last great problem, namely: - 
the question of Haemolysis and other Lysogenic ac- 
tions cannot be lost sight of on account of the valu- 
able parallel which it forms to Bactericidal actions 
in general, and much valuable information has already 
been discovered as a direct result of the study of 
this analogous process. Amongst the many other pro- 
blems suggested by a study of immunity, one might 
perhaps mention, Natural Immunity, also Acquired Im- 
munity, active and passive, their duration and the 
variations in this duration in the case of different 
Bacteria, its mode of production and the cause of its 
persistance in some cases and not in others and also 
the question of recovery from Bacterial Infection. 
Every one of these problems might be said to require 
further investigation as none of them would seem to 
have so far met with an entirely satisfactory expla- 
nation. Nor are these, by any means, the only pro- 
blems requiring investigation for, on each of these 
are dependent innumerable side issues, all of which 
call 
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call for careful study and research. 
From all these problems the question of 
Phagocytosis has been selected for special study and 
to it attention has been entirely confined in this 
work, except in so far as a study of the other pro- 
blems has helped to elucidate many of the phenomena 
observed in the case of the former. 
In regard to the question of Phagocytosis, 
attention has been more especially directed to a 
study of that particular constituent of the Blood, 
comparatively recently discovered by Sir A .E.Wright 
and designated by him opsonin. 
In concluding this brief introduction, I 
should like to express my indebtedness to Professor 
Greenfield for the privilege of carrying out this re- 
search in the Pathology Department of the University. 
I have also to acknowledge a grant from the Earl of 
Moray fund in aid of this work. 
5. 
PART I. 
Which is entirely devoted to a discussion of the 
Literature relating to the opsonic content of the 
blood, its possible origin, nature and mode of 
action, etc. 
THE OPSONIC CONTENT OF THE BLOOD. 
The experiments which directly led up 
to the discovery of opsonins were first described 
by Leishman, and were devised by him to ascertain 
if any difference could be demonstrated in the 
phagocytic activity of the Blood of an individual 
suffering from a persistent Staphylococcal Infection 
as compared with the blood of a normal healthy man. 
The technique employed consisted in mix- 
ing on a slide a definite quantity of the Patient's 
blood with a definite quantity of an Emulsion of 
Staphylococcus Pyogenes Au-^eus, covering this with 
a cover glass and placing the slide in the incuba- 
tor at 3700. for a short time. The cover glass 
was then separated and the resulting film pre- 
paration fixed and stained in the ordinary way. 
The number of Bacteria ingested by a definite 
number of the polymorph leucocytes was then esti- 
mated, the leucocytes being counted in sequence. 
A similar procedure was carried out in the case of 
a normal blood, usually on the same slide, and the 
resulting phagocytosis similarly estimated, com- 
pared with that obtained in the case of the 
abnormal blood. In this way a fairly accurate 
comparison/ 
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comparison of the phacocytic activity of the two 
bloods was obtained and as a result Leishrnan satis- 
fied himself that the phagocytic activity of the 
blood of a Patient ie sfferinQ; from a 1)ersistent Staph- 
ylococcal infection was distinctly loss than that of 
a normal individual. and furthermore that the inocu- 
lation in such cases of a Staphylococcal Vaccire re- 
sulted in an increased phag,ocytic activity. Working 
on the lines suçasted by Leishman's observations 
'aright next introduces a modification i of this tech - 
nii,»e, whereby the actions of the corpuscular and 
fluid elements of the blood could be separately 
studied. In short the technique is as follows . - 
1. Leucocytes are obtained by centrifualisation of 
a few drops of the blood of a normal individual 
run directly into a saline solution containing a 
percenta ̂;e of Sod. "itlnte and subsequently freed 
from the fluid elements by wo.shiJzg in normal 
saline solution. 
2. Serum is obtained in the ordinary way by allowing 
the blood to clot. 
3. Bacteria are suspended in saline solution thus 
forming the Emulsion. 
In this way it was possible to study the 
phagocyt i c / 
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phac ocytic activity of the _leucocytes either in con- 
junction with or auart from the Blood serum. In es- 
timating the phagocytic activity of the blood defi- 
nite quantities of these throe ingredients are accu- 
rately measured by means of a specially graduated 
pipette, thoroughly mixed and the resulting mixture 
incubated in a sealed capillary for a definite time. 
A film preparation is then made, fixed and stained 
and the average number of Bacteria ingested per leu- 
cocyte estimated. When two blooTs are compared the 
same louoocytes, for reasons which will appear later, 
may be employed with each serum. The average number 
of ingested Bacteria per leucocyte is estimated in 
each case and the ratio of these values taken as the 
result or "index'. This technique is described in 
detail in another place - vide infra - and it will 
therefore be unnecessary to make further _reference to 
it here. 
As a result of a large number of exP eriinent 
conducted with this technique by Wright and Douglas, 
the following conclusions were arrived at by thse 
authors. - That phagocytosis is due to the presence. 
in the blood fluids, of a substance, which acts on 
the Bacteria preparing them for uha gocytosis . That 
the Bacteria are incapable of being phagocyted unless 
so/ 
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so preparol . that this substance is present in the 
serum of all normal healthy individuals. thrt it is 
almost, if not entirely. destroyed by heating to 60n 
for 15 mins. and that to a large extent it is lost 
on standing. To this substance the name opsonin has 
been given by these authors. In a subsequent inves- 
tigation Wright and Douglas studied this opsonic ac- 
tien of serj1Ïi with a : reat many different varieties 
of Bacteria and it was found that the same opsonic 
action could be demonstrated in the case of all the 
Bacteria examinee with the exception of the Di :hthoria 
Bacillus and the Bacillus Xerosis. They ware also 
able to show that the leucocytes employed in estimat- 
ing the, degree of nhac,ocytosis of different bloods, 
were quite an indifferent factor, the result being 
entirely dependent on the opsonic content of the 
Blood serum. 
Working on arallel linos, Bulloch and 
Aitken employing the technique of Wright, conducted 
a large number of exhaustive experiments, the results 
of which they summarise as follows: - 
"1. Opsonin is present in Normal serum. 
2. It is thermolabile. 
3. It rapidly disaìï ears from the serum when the 
latter/ 
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latter is mixed with bacteria at 37r, . and at 
. After the opsonin has united with the Bacteria the 
mixture of serum and cocci can be heated to 60('(J. 
for long periods without abolition of the opsonic 
effect. 
5. The leucocyte is practically an indifferent factor 
when the phagocytic power of different bloods is 
compared. 
6. The capacity of bacterial Emulsions for extracting 
opsonin from the serum is only slightly di::;inish- 
ed by subjecting these Emulsions to very high 
temperatures over Prolonged periods. 
7. The action of heat is to destroy the opsonin and 
not merely to convert it into a nonopsonisable 
modification. 
8. The opsonin is not. identical-with any of the anti, 
bodies hitherto discovered in the serum. 
P. Opsonin is of a relatively simple constitution. 
10. When these experiments cover the same ground as 
those of Wright and Douglas, the observations of 
these authors are confirmed. 
As a result of still further investigatic.n 
Wright and Douglas have confirmed their previous 
observations and in addition have also been able to 
demonstrate,/ 
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,demonstrate. that the blood of an infant at birth 
contains ovsonin in almost the same Proportion as the 
mrAternal blood. and that the tissue serum obtained 
from a blister .raised by friction contains ovsonin 
in a lr:ost the same proportion as the Blood serum. 
Wright. in a further article. calls attention to the 
question of spontaneous phagocytosis. In this con- 
nection he points out,that in mixtures whose salt 
content falls below lcA a considerable degree of 
phagocytosis is observed. even in the complete absence 
of any serum, which phagocytosis he terms spontaneous 
phagocytosis. On theother hand, if the salt con- 
tent the mixture is kept above lc- this spontaneous 
phagocytosis is abolished. For all practical pur- 
poses, however, as Wright himself points out, this 
fallacy may be entirely overlooked. In the same 
co1rrminication attention is also drawn to the necessi- 
ty of heating sera for the same length of time and 
at the same temperature when a comparison of the re- 
sults is desired. The general results of Wright's 
work on the opsonic content of normal serum have in 
most cases been confirmed by various other observers, 
and in this country have been very generally accepted 
In so far, however, as certain objections have been 
raised, it will be necessary to refer to them here. 
and/ 
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and of these the two which perhaps call for suecial 
mention have been 4-ut forward , on the one hand by Dean 
I and on the other hand by several American authors. 
Dean's objection has reference to the question of the 
thermolability of the opsonin in normal serum. and 
is to this effect: - That the fall in the opsonic 
content of normal serum observed by Wright and others 
does not necessarily imply a total destruction of the 
opsonin , but merely indicates that they have been 
reduced to a concentration below that demonstrable 
with the technique employed by Wright and Douglas. 
Where Dean employed the technique of Wright and Dcuc:- 
las his results entirely corresponded with theirs. 
on the other hand, where a different technique was 
used, the results thus obtain^ were entirely at 
variance with the former. In short the technique 
employed by Dean was as follows: - 
Bacteria wore digested with a large quanti- 
ty of heated normal serum, separated from this by 
cent.rifualisation. and washed free from any adhering 
serum in saline solution separated from this by cent- 
rifugalisation and subsequently tested with washed 
Corpuscles alone, to ascertain if they had been op- 
sonised by digestion with the heated serum. A con- 
trol was furnished by testing in the same way Bac= 
t eria/ 
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Bacteria which hari b en (a) Digested with unheated 
serum, and (b) which had not been Previously digested 
at all. As a result of numerous ex6eriments carried 
out in this manner, Dean concludes, - that the sub- 
stance in normal serum designated opsonin by Wright, 
is not a new body, but is in reality identical with 
the "Fixateurt¡ or "1a substance Sensibili satrice" of 
the French School: that, although a certain fall 
in the phagocytic power is observed on heating, it 
is thermostable for several hours at 60 I.: that - 
the same substance is found in irvaune serum it 
greater bu1ìz. Finally Dean concludes with the state- 
ment, that as the term "Fixateur" or "Substance 
Sensibilisatrice" is used to designate many other 
properties of immune serum, one should therefore 
perhaps adopt the term opsonin for that particular 
property -which it possesses of preparing Bacteria for 
phagocytosis. He also suggests that the process cf 
phagocytosis may be analogous to Bacte.riolytic and 
haemolytic actions, and due to the action of an im- 
mune body plus a comblement, and that the slight 
fall of phagocytic power or heating may be due to 
loss of complement. 
This sug Post inn in itself is of no little 
interest as it is one of the few recorded by which 
an/ 
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an attempt has been made to bring the question of 
pha ocytosis into line with what is known of other 
Bactericidal prccasses. 'qith regard to the thermal - 
ability of the ousonin of normal serum, the question 
a cording to bean would seem to depend cn the insuf- 
ficient nature of the technique Ynploye? . It is not 
Perhaps clear why the technique employed by Dean 
should be the more accurate of the two. and a perusal 
of the results obtained thereby does not impress one 
in its favour. Thus in many of the experiments the 
average number of ingested Bacteria per leucocyte is 
very high . as many as 50 per leucocyte in some cases 
a figure which is admittedly considerably b innd the 
limit of accurate enumeration. Than again, it is 
stated that the Bacteria were digested with a large 
quantity of heated serum, but the exact amount is not 
specified, nor is the time to which it was subjected 
to heat stated, nor the form of receptacle in which 
the Process of heating was conducted, all of which 
points would materially influence the results. For 
these reasons, and taking into consideration the very 
large weight of evidence on the other side, the thor- 
molability of the ovsonins of Normal Serum must, I 
think, be accented until more conclusive proof can 
be brought forward in favour of the contrary opinion. 
The 
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The second objection which we must consider 
has been advanced by Simon, Lamar and Bispham, who 
conjointly in an elaborate article recently published 
offer considerable criticism to some of the results 
established by ;`right and others. As in the case of 
the objection raised by Dean, these authors also in 
the first place criticise the technique employed by 
Wright on the grounds that it does not give an ade- 
quate idea of the actual quantity of opsonin present 
in the serum; that the average number of ingested 
Bacteria per leucocyte may be so great that enumera- 
tion is out of the question: that with certain or- 
ganisms,spherulation and loss of staining power, com- 
monly occ,ve and frequently preclude all possibility 
of obtaining a satisfactory result by counting: and 
that the agglutinating effect of certain sera on the 
corresponding organisms is a further drawback. Lcd 
by these considerations. they claim to have devised 
a new method more satisfactory and free from the ob- 
jections which attach to Wright's technique. On 
analysis the two main differences in this new method 
are found to be: - 
1. Instead of the lure undiluted serum, dilutions of 
1 in 20, 1 in 30, and 1 in 4,0 are employed. 
2. Instead of estimating the average number of in- 
gester7. Bacteria per leucocyte, only the Doreen- 
age/ 
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percentage of phaoocyting leucocytes in the case 
of each dilution is estimated. 
In other respects the two methods are pran- 
tically identical as far as the generni principles 
I are concerned, but differing in one or two of the de- 
tails. Thus for example in the case of Wright's 
:Method, a definite quantity of the same Bacterial 
Emulsion is added to the various mixtures of Leucocy- 
tes and serum. In the other method, however, it is 
stated that each sample of the diluted serum is in- 
oculated with a small quantity of the organism, and 
no indication is given of any steps having been taken 
to ensure that the resulting emulsions in different 
cases wore even approximately of the same density; 
we must therefore. I think, conclude that in the dif- 
ferent mixtures incubated, Bacteria must have been 
present in greatly varying degrees of concentration. 
Then again, in the case of Wright's method, 
the phagocytic power of an abnormal (or normal, as 
the case may be,) blood is in every case compared 
with the pha .ocvt is power of a normal, control blood 
estimated with exactly the same Bacterial Emulsion, 
and the Inflex expressed in the final result and known 
as the Opsonic Index, is in ef.'ect the ratio which 
the phagocytic cower of the abnormal blood bears to 
that of the Control blood. 
On/ 
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On the other had_ with the Method of Simon 
LarrE:r and Bispham, no such comparative control was 
carried out, but each serum, so to spear, was tested 
on its own merits alone. 
Taken together these two defects must in- 
fluence the results to a very great extent, and es- 
pecially must this be the case where the oha ;ocytic 
power of different sera is compared. 
It is therefore not surprising that these 
authors have found a very much wider ran__ = ;e of varia- 
tion in the opsonic indices of normal individuals, 
than other observers who have employed what one must 
consider,for the reasons already stated, the more 
accurate method of Wright. A consideration of some 
of the results obtained by Simon, Lamar and Bispham 
shows in a striking manner the variable character of 
these. Thus for example, in a number of estimations 
of the opsonic content of the blood of normal healthy 
individuals, the following variations were obtained:- 
With 1 in 20 dilutions of the serum the 
percentage of pha ocyting leucocytes varied from 125 
to lOO; with i in 30 dilutions, from 2(/ to 100,: ; 
with 1 in 40 dilutions, from oc to lOOc'). 
The extraordinary wide range of variation i s 
at once manifest, and needs no farther comment. Other 
results obtained by these authors are as f0110176:- 
The opsonic content is apparently affected 
to a considerable extent by the ingestion of food, an 
increase / 
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increase boino commonly noted after meals. The op- 
sonic content of the Blood of nursing infants is 
higher than that of the normal adult, and this high 
value is, they think, referable to the fact that the 
nursing infant is practically in a state of contin- 
uous digstion. 
That the opsonins are essentially compo:- 
rients of the blood, and in all probability formed 
there. That no Parallel can be demonstrated to ex- 
ist between the opsenic content of the blood, and 
either the total number of Leucocytes or any one 
variety of leucocyte. 'With regard to the chemical 
nature of opsonins they conclude that "the opsonine 
even though themselves not necessarily of the nature 
of globulins, are nevertheless intimately associated 
with these as in the case of the various antibodies 
as shown by Pick. (Pici; E. Hofineisto.r' s Beitra gc 
1901 - 1. 35t.)" 
They have also corne to the conclusion as a 
result of various absorption experiments that the 
opsonins of normal scrum are in no way specific, but 
that the onsonins may be a constant quantity, and 
that the number of organisms which are taken up by 




The question of the specificity of the op- 
sonins of normal serum, suggested by this last con - 
elusion is one which mast now be consiriero i. Tith 
regard to the opsonins of immune sera, there seems 
little doubt that a high degree of specificity exists 
and this had been clearly demonstrated by many obser- 
vers, but in the case of normal serum, with the ex- 
ception of the above communication and one by Bul.loch 
and Western, almost no reference has been made to 
this question of specificity in any of the published 
memoirs on the subject of opsonins. Bulloch and 
1estern, however, have published conjointly a number 
of experiments in this connection as a result of 
which they conclude that every in normal serum a high 
degree of specificity exists for different organism,, . 
The following results were obtained by 
these authors: - 
1. When Staphylococci are brought in contact with 
normal human serum, and are subsequently removed 
by centrifugalisation, the serum loses its oD- 
sonic power for Staphylococcus although the op- 
sonic tower for L .Pvorvane? ?s preservtri. 
2. When T.B. are brought in contact with normal human 
serum and are subsequently removed by centrifuca- 
lisation the serum loses its opsonic power for 
T.B., although the opsonic power for Staphylococ- 
cus/ 
20. 
Staphylococcus is preserved.. 
3. Similarly where Staphylococci are brought in con- 1 
tact with normal human serum and subsequently 
.removed, the serum loses its opsenic power for 
Staphylococcus while retaining it frr T.B. 
4. Inoculation of a normal being with new Tuberculin 
causes a quantitative increase in Tubercrzlo-oPso- 
rains, whereas the quantity of Staphylococcal op- 
sonins is unaffected. 
5. Inoculation of a normal being with Stapivlococcal 
Vaccine causes a , quantitat ive increase in the 
Staphy ococcal opsonins, whereas the Tubercu.lo- 
opsonins remain unaffected. 
These results arc very interesting, and en- 
tirely np_:osed to those of Simon. Lamar and BisDham. 
It may be mentioned in passing, that a .large n-'mber 
of similar experiments were carried out by the writer 
on the assumption that this iuor:`,ion had not been 
previously investigated, the results of which in a 
large measure confirm those of Bulloch and Western. 
From time to tirrp various interesting and 
instructive additions have been made to the litera- 
ture of opsonins. .Zany of these have been simply 
confirmatory of previously established facts, but on 
the other hand some have been on entirely new lines, 
and / 
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and as a result new ground has been obened up. 
Of the more imvortant of these might be 
mentioned a recent cor.anunication by Professor i.Íuir 
in conjunction with Martin, dealing with the Possible 
composition of the opsonic content of normal serum. 
To p'.it it shortly, the question which these authors 
set themselves to solve was.whether the opsonins of 
normal serum could be shown to behave in a manner 
in any way corresponding with the behaviour of cer- 
tain already -sell- ,:nown comblements. In this con- 
nection a series of experiments were carried out to 
ascertain what effects on the obsonic power of normal 
serum would be Produced by certain methods of absorp- 
tion already r:,zown.to lead to the fixation of Haemo- 
lytic and Bacteriolytic complements. For this pur- 
pose the immune bodies corresPonding to the receptors 
of red blood corpuscles, Blood Serum and Bacteria, 
ware employed. Thus it was already well known that 
red blood corpuscles sensitized with their corres- 
1bonding 1mmine body were capable of removing entirely 
from normal ser'nn. not only the complement concerned 
in haemolysis, but in addition the complement con- 
cerned in Bactoriolysis; would the opsonins in normal 
serum be removed in the same way? 
As a result of their experiments Muir and 
Martin/ 
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_fartin were left no room to doubt that opsonins were 
completely removed by a similar process of absorption 
Them: authors also showed conclusively that, in addi- 
tion, serum receptors sensitized with their corres- 
ponding i_:i:mtne body and also Bacteria sens.itied with 
their ira1 une bony, each in their turn ,rrere capable 
of entirely removing the opsonins from normal serum. 
They therefore conclude that the opsonins of normal 
scrum are certainly of the nature of complements. 
In the experiments conducted by Huir and 
Martin an emulsion of Staphylococcus Pyooenes Aur. 
was ernplr,red in testing the opsonic power of the 
serum and B.Coli sensitizer) with appropriate irPnune 
body were used in the absorption experinents to as- 
certain whether this combination in addition to re- 
moving haemolytic complement from normal serum would 
also remove the opsonins. In connection with this 
experiment it is interesting to note that whereas 
B.Coli plus Trnrmnne r practically entirely re- 
moved the opsonins from normal serum, when the latter 
was subsequently testers lArith Staphylococcus, on the 
other hand, in a control experiment in which B. Cols 
were used alone. i.e., where no immune body Was added 
only about 4CY., of the opsonins were -rernoved from nor- 
mal/ 
normal serum when this was s'_lbs''I'zent 1y tested with 
Staphylococcus. This it will be seen boars out 
7rhat, has already been said in regard to the specifi- 
city of oPSOnins in Normal Serum. 
Other experiments, which might be mentioned 
on somewhat parallel lines have been recorded by 
Keith. Instead, however, of Bacteria b3ing employed 
to test the pha;ocytic Power of serum, Red Blood Cor- 
puscles were used and the question which Keith sot 
himself to solve was not, as in the case of Muir and 
Martin, whether Tosonins were of the nature of com- 
plements, but whether they, i.e., the opsonine, were 
identical with the amboceptors, i.e., immune bodies 
concerned in haemolvsis . It is not Proposed_ to give 
these experiments in detail, it will suffice if the 
eneral conclusions arrived at by Keith are quoted: 
they are as follows: - 
That the phagocytosis of Red. Blood Corpus - 
cles does not depend on the presence of the haemolytic 
amboceptor since: - 
1. The substance which induces Pha ocytosis 
of 71ed B Lood Corpuscles is practically destroyed by 
heat while the haemolytic amboceptorr is entirely thor- 
mostable_. 
2. The haemolytic amboceptor may be present 
in 
in considerable amount in a haemolytic serum without 
inducing phagocytcsis, notwithstanding Prolonged con- 
tact of a3nboceptor with the Red Blood. Corpuscles. 
Keit }1 therefore . conch_ des that the phenomenon of 
phagocytosis is caused by some special body belonging 
to the class of opsonins. Ta :en together the obser- 
v: t ions on the one hand of Muir and Martin, and cn 
the other of Keith, are of extreme interest as o: :1- 
ing up a new line of investigation which may ultimate- 
ly lead to the action of opsonins being brought defi- 
nitely in line with what is already known of other 
more or less analogous processes. Amongst other 
points which have been investigated in connection 
with opsonins, one might Perhaps mention the various 
observations which have been carried out to ascertain 
how far the presence of opsonins could be demonstrat- 
ed ì in the various secretions of the body. That 
opsonins are present in many has been amply proved. 
and of these perhaps the most interostin , .from the 
standpoint of Practical medioine.is milk. In this 
connection, reference might be made to a communica- 
tion of no little interest by Professor Sims.- 1Tood- 
heal , and Mitchell. These observers examined the 
opsonic content of the blood and milk of healthy nor- 
mal cows, and also of cows which were either known 
definitely to be suffering from Tuberculosis or in 
which/ 
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which the presence of this condition was suspected. 
Their results are of some interest in that the milk 
of Tubercular and also unhealthy cows invariably show- 
ed a low tubercule -opsonic index, whilst the milk of 
healthy cows invariably showed a high index, in some 
casos an index of 22 being recorded. Pursuing these 
investigations further, they found that milk whey pro - 
dLiced with Rennet or hydrochloric acid contained a 
larger proportion of opsonins than the total milk. 
They also demonstrated that T.B. after digestion with 
whey, were actively opsonised. That the question 
opened up by these observations is of very consider- 
able interest is at once manifest, for, as the auth- 
ors suggest, it is quite within the bounds of possi- 
bility that a milk rich in tuberculo- opsonic elements 
may he capable of conferring upon the individual par- 
taking of it, by absorption from the digestive tract, 
a certain degree of passive immunity to the Tubercle 
Bacillus. Should this suggestion be proved correct 
in light of adequate experimentation, then a very de- 
tided advance will have been made in connection with 
the prophylaxis of. Tuberculosis and in fact, its uti-= 
lity may prove to have a much more extensive applica- 
tion than in the mere prophylaxis of the disease. 
Another observation which might be referred 
to as having some bearing on the possible source of 
opsonins/ 
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oPsonins in normal serum is contained in a recent 
ccm 'inication by Capps and Smith. Those authors 
in an investigation carried out in connection Frith 
the therapeuitic application of X Rays in cases of 
Leukaemia make the follovring observations: - 
1. X Ray produces in Leukaemia a disintegration of 
the leucocytes, especially the young forms, viz. 
the myolocytes and non _ranular mononuclear ^ells. 
2. Serum of a Leukaemic patient who has improved un- 
der X Ray treatment causes .Leukcpenia when in- 
jected into animals. and when ad-3.ed in the hang- 
ing drop to the leucocytes of another individual 
it disintegrates the mononuclear cells. 
Z. In spite of this disintegration of the cells, no 
material alteration of the phagocytic power of a 
blood so treated, in vit,;,. can be demonstrated. 
This last observation is of some little 
interest as in some measure eliminating at least the 
mononuclear variety of leucocytes as a possible sourc 
of opsonic production. The only other question in 
connection with the opsonic content of normal serum 
which remains to be discussed, is in regard to the 
range of variation in normal individuals, but, as 
this has been entered into fully in another Place; 
vide infra, no further reference need be made to it 
here./ 
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here. So much for the opsonic content of normal 
Serum; from which we must now turn our attention to a 
consideration of the opsonic content of the Serum in 
cases where a condition of immunity has been estab- 
lished either artificially by appropriate inoculation, 
or as the result of an attack of the specific disease 
produced by a definite organisrLla i infection. 
In spea king of all the sera included in 
this definition as immun e sera, one would seem to be 
applying the term in a somewhat elastic sense. True 
the inoculation of normal animals with definite Bac- 
terial vaccines in most cases results in the produc- 
tion of a serum having definitely immune properties, 
and se also in man, some diseases, such as Typhoid, 
Malta Fever and Pheumonia and some others, all of 
which run a comparatively acute course culminating in 
recovery, produce a serum also having definitely im- 
mune characteristics, but on the other hand. several 
of the more chronic forms of Bacterial infection, 
such as tubercle and some varieties of Staphylococcól 
infection would rather seem to result in the produc- 
tion of a serum having considerably less resisting 
power than the normal, and to these the term immune 
seems hardly applicable. However, in so far as 
these sera, though their power of resistance may be 
considerably/ 
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considerably diminished. can, in most cases be shown 
to contain certain elements not present in normal, 
1 hilt only as a rule, in immune sera, the term i L _une 
may have in reality more justification than at first 
sight appears . With regard to the opsoniC content 
of such sera, many facts have been elucidated, some 
of which have been almost universally accepter_, in 
respect of others, however, a good deal of controver- 
sy and diversity of opinion would seem to exist. In 
the main its mode of action =could seem to be entirely 
analogous to what has boon generally accepted as be- 
ing the mode of action of the opsonins of normal ser- 
um, and as a result, most authorities, at least in 
this country, have accepted the term uopsonic content 
of immune serum" as its designation. Apart from its 
mode of action, however, it differs very materially 
in some respects from the opsonins of normal serum. 
Thus, it is generally admitted to be thermostable, 
resisting a temperature of 60° - 65° C. for prolonged 
periods. In this connection, however, Wright though 
one of the first to point ort this property, has sub - 
sequently thrown doubt on it, and in fact, the posi- 
tion which he would latterly seem to have taken up is 
that the opsonin of immune serum in no way differs 
from the thermolabile opsonin of normal serum, but 
can / 
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can be readily destroyed at a temperature of 60° C. 
The experiment on which this opinion is based consis- 
ted in diluting immune serum prior to heating, when 
it was found that, provided adequate dilution was 
carried cut prior to heating, immune serum so treated 
gave up its oPsonin more readily with progressive di- 
lutions, than an imrri'.lne serum which was similarly Ji- 
luted but not heated; and further, that the diluter 
and heated serum was entirely inactivated when a di- 
lution was reached at which the similarly diluted but 
unheated serum still showed a very considerable phago 
cytic power. From this experiment, Wright concludes 
that the oY,sonin in immune serum which is found after 
heating to 60° r. is nothing more than a residue of 
the original opsonic content, which has escaped de- 
struction by the heat applied. and that the oPsonins 
found in normal and immune sera are identical. 
Whether Wright is really justified in considering; the 
OlP3Onins in immune serum as therrIolabile in light of 
this dilution experiment has lad to no little con- 
troversy, and as a result, most authorities would 
seem to have taken up the reverse ?.position, and it is 
now almost generally held that, at least, part of the 
opsonic content of immune serum is definitely thermo- 
stable. This leads us to another point on which 
some/ 
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some diversity of opinion also exists. namely:- 
whether this thermostable element in immune serum is 
in reality an oìsonin at all, i.e. in the moaning of 
the term as defined by 7right . In the first in- 
stance. Wright considered that it was definitely a 
thermostable opsonin,. s'?bP?eauently, however. 
light of the above experiment considering it a ther- 
nolabile opsonin. Dean, on the other hand, while 
agreeing with Wright that the elements in normal and 
immune sera are the same, maintains that they are 
definitely thermostable in both cases, and farther 
that they are identical with the uFixateurtl or Sub- 
stance Sensibilisatrice" of the French School. 
Then again. Leishr:an takes up duite a dif- 
ferent Position, holding that the thermostable ele- 
ment in immune serum is in no way akin to the ther- 
molabile opsonin of normal serum, but that i` is an 
entirely different substance, and further that its 
action is not that of combining with the Bacteria, 
thus preparing them for phagocytosis, but that it 1.1:,s 
a definite stimuline action on the leucocytes them- 
selves. and to this substance he applies the term 
nStirrnl.linati. 
It will thus be evident that the exact 
nature of the opsonic content of irarrnxne serum is a 
matter/ 
matter cif_ some doubt, but tz,_ing into consideration 
the facts already stated, and in ad ~ition the evi- 
dence brought f orward from many other sources, the 
weight of evidence would seem to point to the opsonic 
content of immune serum consisting of two elements, 
one which, like the opsonin of normal serum, . is ther- 
molabilo, the other differing from this in that it 
is definitely thermostable, and further that both 
these elements act in a manner apparently identical 
to the opsonins of normal serum, by preparing the 
Bacteria for ingestion by the leucocytes. With the 
lapse of time, controversy on this question has some - 
the 
as above defined would seem to have been tacitly ac- 
cepted by general consent. 
Another characteristic of the opsonic con- 
tent cf immune serum must now be referred to, namely, 
that it is in a high degree specific, only acting - 
(the thermolabile elements having been destroyed by 
heating to 60°C.) - on that organism for which the 
condition of immunity has been established. It will 
thus be seen that the only salient difference between 
the opsonins of normal and in mine serum resolves it- 
self into a question of how far the latter are ther- 
mostable. Other minor differences have perhaps been 
recorded/ 
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recorded: thus, for example, Wright in one of his 
earlier papers, called attention to the fact that the 
reputedly thermostable opsonin of imnune serum is in 
a high degree heliolabile, being destroyed entirely 
by exposure to direct sunlight for a period of 6 to 
8 hours. That this is contrary to what is Eenerally 
found to hold in the case of thermostable bodies in 
general, he brings forward as an adr?_itiona.l argument 
in favour of his contention that the opsonins in 
immune sera are in reality thermolabile. A general 
consideration of these points would rather seem to 
confirm one in the impression that Immune serum must 
contain two more or less distinct elements: - 
1. Eminently thermolabile but comparatively 
heliostable. 
2. Eminently heliolabile but coi:nparat i vely. if not 
entirely. thermostable. 
It would thus seam that, as a result of the 
production of a condition of immunity, the opsonins 
already present in the normal serum are, in the first 
place, increased, and that in the second place, an- 
other element having certain r" finite and distinct 
characteristics is developed, this latter element 
gradually increasing at the expense of the former. 
Whether/ 
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Whether or not this opinion is actually hold by the 
various authorities, individually, it is diffic'l.lt 
to be certain, as no definite statements have been 
made in this connection in more recent literature, 
but it is, I think, the conclusion which one is 
forced to accept in light of the various conflicting 
statements on record. 
In regard to the source of the opsonic con- 
tent of immune serum, little or no evidence is forth- 
coming, observation having been almost entirely con - 
fined to an investigation of the opsonic content of 
such sera. under abnormal conditions. 
This brings us to a consideration of per- 
haps the most important question raised by the dis- 
covery of o>>sonins, namely, the adaptation of this 
discovery to practical medicine. In this connection 
there are three important questions which it would 
perhaPs be better to consider separately, and in the 
order named; they are:- 
I. Is the OPSONIC, INDEX of any REAL PRACTICAL VALUE 
in the DIAGNOSIS of DISEASE? 
H. Has the OPSONIC INDEX any PRACTICAL APPLICATION 
in THERAPEUTICS? 
III. Is the VACCINE TREATI:ZENT of DISEASE JUSTIFIED by 
the RESULTS ALREADY OBTAINED? 
34 . 
I. IS THE OPSONIC INDEX OF ANY REAL PRACTICAL 
VALUE IN THE DIAGNOSIS OF DISEASE? 
A satisfactory answer to this question can 
only be arrived at by a consideration of at least 
three separate points. In the first place, we have 
to consider what are the normal liait s of variation 
of the Opsonic Indices in healthy individuals and for 
different or.nanisrls. Secondly, we must consider the 
limits of variation in the case of patients suffering 
from a known disease for the organism producing that 
disease, and also for other organisms. And thirdly, 
in the present case, we have to consider whether the 
Opsonic Index per se can bet in any way supplenented_ 
in order that the results obtained thereby may be of 
greater practical value. 
In connection with the diagnostic value of 
the Opsonic Index, by far the greatest amount of evi- 
dence has been accumulated in relation to the Tuber- 
cle Bacillus, and for this reason it it proposed to 
confine our attention in the first instance to *.he 
Tube.rculo- opsonic Index, subsequently referring to 
the behaviour of the opson.ic index, in relation to 
some/ 
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some other varieties of Bacterial Infection. 
It is not proposed to give in detail all 
the observations, which have fron tine to tine been 
recorded in relation to the units of variation of 
the Tuberculo- oprnnie index in health; it will suf- 
fice for o" "r purpose if it be simply stated that a 
very large number of such observations have been 
forthcoming from a great variety of sources, as a re- 
sult of which it has been definitely established, 
that the tuberculo -opsonic index in health may vary 
from 80 to 120. 
If we now turn our attention to the Tuber - 
culo-onsonic index in cases of undoubted Tuberculous 
Infection, we at once find that a very considerable 
proportion of these fall within the normal limits 
of variation. In all, between 400 and 500 esti- 
mations of the tuberculo -opsonic index, in cases of 
undoubted Tuberculosis, have been collected from 
the general literature, recorded by Wright, Bulloch, 
Urrrick, Lawson and Stewart, Ross and others, and of 
these about 25 fall within normal limits. Of the 
remaining 75c:. a very large proportion, in Urrrick ' s 
cases 55 , and in Rcss's 51;:, show an index above 
1"P; in the remaining 20 or 250, a low index was re- 
corded. There is thus ample evidence that the 
tuberculo- opsonic index of patients suffering from 
Tuberculosis/ 
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Tuberculosis varies within very wide limits, and tale 
ing into consideration the fact that at least 25% of 
these indices fall within the limits of normal varia- 
tion, it is at once evident that the Tuberculo- 
opsonic index, per se, can in no way be relied on in 
the diagnosis of Tuberculous Disease. When a low 
or high index is obtained, the evidence is certainly 
strongly in favour of Tubercle, but on the other 
hand where a normal index is obtained, it is quite 
impossible to definitely exelude the presence of 
Tuberculous disease. 
Of this wide range of variation in the 
Tuberculo- opsonic indices of patients suffering from 
Tuberculosis, Wright brings forward a lucid and, at 
the same time apparently a highly satisfactory ex- 
planation, based on the observance of two striking 
facts, namely:- 
1. The Tuberculo -opsonic index of certain cases of 
Tuberculous infection varies, in one and the saine 
case, within wide limits from day to day, in some 
cases from far below normal, to as much as twice 
normal or even higher. 
2. That the effect of inoculating a Tubercle Vaccine 
is, in the first instance to cause a distinct 
fall in the Tuberculo-opsonic index, the negative 
phase,/ 
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phase, and that this subsequently place to 
a distinct rise - the positive phase. 
Taking these two facts together, Wright 
comes to the conclusion, that in a Tuberculous case 
showing a distinct variation in the Tuberculo -opsonic 
index from day to day, some of the Tuberculous 
material is from time to tire cast, off from the seat 
of infection into the general circulation, and that 
this acts in exactly the same way as the inoculation 
of a Tubercle Vaccine, the low indices thus corres- 
ponding to a negative phase, the high indices to a 
positive phase. The daily fluctuations in the 
Tuberculo- opsonic indices of some cases of Tubercu- 
losis thus resolve themselves into a succession of 
positive and negative phases the result of an auto - 
inoculation of the general system from the focus of 
infection. In regard to the value or otherwise of 
the Tuberculo -opsonic Index per se, in the diagnosis 
of Tuberculous disease, Wright takes up the following 
position:- 
That Tuberculous Infections as a whole are 
divisible into two distinct classes. 
I. Cases where the lesion is strictly localised and 
unaccompanied by any constitutional disturbance 
II.Cases where the symptoms are more acute and cases 
of/ 
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of generalised tuberculosis accompanied by gene- 
ral constitutional disturbance. 
In the first class, a persistently loar in- 1 
x i s a1--t invariably net with: in the second 
class, the index fluctuates greatly from day to day. 
Thus, where several estinations of the Tubereulo- 
op«oric index can be obtained:- 
(a) A persistently normal index excludes 
tubercle. 
(h) A persistently low index indicates a 
localised tuberculous lesion. 
(e) A daily fluctuation in the index indi- 
cates an active acute infection, or 
a generalised Tuberculosis, accom- 
panied by general constitutional dis- 
turbance. 
nen only one estimation of the TubercUlo- 
opsonic index in procurable:- 
(a) A normal index indicates nothing - 
Tubercle cannot he excluded. 
(b) A low index indicates either a localised 
lesion, or an acute infection r1epend- 
ins on trie presence or absence of con- 
stitutional disturbance. 
(o) A high index indicates act ive Tubercle 
with/ 
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with constitutional disturbance. 
These propositions enrnciated by Wright 
have been confirmed by many other observers and they 
sum up practically all that can be said regarding 
the value of the tubercu.lo- opsonic index in the diag- 
nosis of tuberculous infection, at the same tine, 
perhaps, putting the -question in its most favourable 
light. It will thus be seen that the tuber_cu.lo- 
opsonic index per se where only a single estimation 
is procurable can, at least, only be regarded as a 
somewhat doubtful aid to diagnosis with the exception 
of those cases in which a definitely loan or a defin- 
itely high index is obtained. Where several esti- 
mations are procurable its value is very materially 
increased, but this again brings us to another point 
which cannot be lost sight of in discussing the prac- 
tical value of a method of diagnosis, and that is the 
laborious and complicated nature of the technique in- 
volved,and in which a very considerable degree of 
precision is necessary to ensure accurate results. 
Taking into account all these considerations it is 
hardly to be expected that a method, so laborious 
and, at the same time Iry no means of definite diag- 
nostic value, should recommend itself for practical 
daily use. 
That being so, it seems hardly necessary 
40. 
to discuss the remaining question, namely whether it 
is possible to supplement the opsonic index, in anv 
way that will increase its practical value, as this 
can only result in making an already complicated pro- 
cess even more complicated. However, as various 
methods have been suggested the'r had perhaps better 
be mentioned briefly. Wright is again responsible 
for most of the suggestions in this direction, and of 
these the following three will be referred to. 
1. Iii active systemic tubercle the serum when heated 
to 600 C. still retains the power of exciting pha.go- 
cytosis to a greater or lesser extent. 
2. By a comparison of the opsonic index of the super- 
natant fluid obtained by centrifugalisation from the 
pus or ex,idate obtained from the seat of infection, 
with the opsonic index of the blood. 
3. If Koch's New Tuberculin (T.R.) is inoculated in 
the ease of an individual suffering from a tubercu- 
lous infection, the negative phase is much mere read- 
ily induced, is more marked and persists longer than 
in the case of an individual not the subject of a 
Tuberculous Infection. 
It is not proposed to discuss the first two 
methods as they have at best only a limited ranee of 
application, and the results so far recorded are too 
few/ 
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few and not of a sufficiently consistent nature to 
recommend their general adoption. 
In the third method, however, there can be 
litj.le doubt that we have a very delicate test for 
the presence or absence of Tuberculous Infection; 
there is already more than sufficient evidence from 
various sources to justify such an assertion, but 
here again one is confronted with the laborious 
nature of the procedure as in this case not only 
must an estimation of the Tuberculo -opsonic index be 
made prior to inoculation, but daily estimations must 
be made for several days thereafter. 
To sum up the whole question, one is forced 
to the conclusion that the technique involved is so 
laborious, and the results so uncertain that the 
general practical utility of the various procedures 
suggested, is thereby in a large measure detracted 
from. 
What has already been said in regard to the 
diagnostic value of the opsonic index in disease re- 
fers more particularly to Tuberculous Infection, but 
the same to a greater or lesser extent is applicable 
in the case of Infections resulting from many other 
varieties of Bacteria. Of the other Bacterial In- 
fections which have been studied in this connection, 
reference/ 
reference might perhaps be made briefly to those, the 
result of invasion by:- 
Staphylococcus, Pneumococcus, Gonococ us, Tiicrococcus 
Melitensis, Bacillus Typhosiks, and Bacillus Coli. 
In connection with Staphylococcal Infec- 
tions a great deal of evidence has been accuri'lated 
and, as a result it would seem that the opsonic index 
per se, is here of very considerable diagnostic value 
Here at all events a consistently low opsonic index 
is the rule, and there is no evidence of high indices 
corresponding to those obtained in the case of Tuber- 
culous infection, and resulting from auto -inoculation 
from the seat, of infection. One must not forget, 
however., that by far the greater number of observa- 
tions in this connection have been made in cases in 
which the skin has been the seat of Infect ion, and 
which might very properly be taken as corresponding 
to one variety of Tuberculous infection, namely: - 
Lupus, a condition in which a low Tuberculo 
opsonic index is also very frequently obtained. 
Before taking up any definite position in regard to 
the diagnostic value of the Staphylococcal- opsonic 
index, one would naturally like to know more about 
its behaviour in cases of infection characterised by 
marked constitutional disturbance as, for example, 
cases/ 
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cases of acute Osteomyelitis, acute middle ea_r. 
disease, and other varieties of more deep- seated in- 
fection. Up to the present, few if any rest.lt.s have 
been recorded in such caser, and naturally, of course 
in this connection its value even were it proved to 
behave in an uniform manner is very limited, as the 
condition invariably calls for prompt operative 
interference, and it is of little irlportance what the 
exact nature of the infection nay be. Still as a 
process analogous to Tuberculous infections accom- 
panied by constitutional disturbance, the behaviour 
of the Staphylococcal -opsonic index in such cases 
would be highly instructive. 
In cases of acute lobar pneumonia, it has 
been found by MacDonald that at the commencement of 
the infection, and whilst the temperature is rising 
and continuing throughout the fastigium, the pneu. - 
mono -opsonic index is low; with the advent of the 
crisis it rises and continues to do so, eventually 
reaching a value considerably above the normal as 
high as 1.6 in some cases. From this it would seem 
that the pneum.ono- opsonic index is of some diagnostic 
value, but the observations so far recorded are too 
few to permit of any definite stal.ement being made. 
LiY.ewise in the case of Gonorrhoeal in- 
fections/ 
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infections, the observations recorded are too limited 
to enable one to speak with certainty, but from ob- 
servations which are on record, " it would appear that 
the Gono- opsonic index varies within very wide 
limits, corresponding in this respect to the tuber. - 
culo- opsonic index. 
In the case of the Gonococcus some accurate 
method of diagnosis would be of the very greatest 
practical value, on account of its wide range of ap- 
plication. Thus, for example its value must be at 
once manifest not only in the department of the 
Gtmecolo ist, when at best the diagnosis of conorr.- 
hoeal infection can in many cares only he arrived at 
by a process of exclusion, but also in General Medi- 
cine and Surgery in the diagnosis of gonorrhoeal 
rheumatism, and other infections of a more or less 
surgical nature. 
In regard to the opsonic index in Typhoid 
Fever and Malta Fever, a considerable amount of work 
has been done especially by Leishman, and as a result 
of these observations it would appear that the cor- 
responding index in these infections is considerably 
increased. In the case of Bacill_ls Coli, a loti, in- 
dex is frequently obtained in conditions of infection 
by this organism, but further investigation is ne- 
cessary/ 
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necessary before its true diagnostic value can be 
definitely appreciated. 
Not the least interesting of the observa- 
tions recorded regarding the behaviour of the opsonic 
index in disease are those of Jacobs and Gets in 
connection with Mierococcus Neo"ormans in cases of 
cancer. In a series of cases of cancerous growth 
these observers have recorded a low opsonic index for 
this organism, and they have also demonstrated in 
many cases a very considerable rise in this index, as 
a result of treatment by inoculation of a vaccine 
prepared from a culture growth of the ^r. ganism, a 
corresponr?ing diminution in the sine of the cancerous 
growth being observed at the sane time. Wright also 
records one or two satisfactory results following 
upon treatment of cancerous patients on similar liner 
but, here again as in the case of most of the other 
organismal infections to which reference has been 
made, much fuller investigation is vet required. 
So much for the diagnostic value of the 
opsonic index in disease, the whole question might 
be conveniently summed up in the words so often re- 
peated already - further investigation -. Until the 
results of more extended observation are forthcoming 
this question must, I think be left an entirely open 
one. We shall now turn to a consideration of the 
second/ 
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second nuestion which claims our attention - namely:- 
II. HAS THE OPSONIC INDEX ANY PRACTICAL AP- 
PLICATION IN THERAPEUTICS? 
Here again by far the greatest amount of 
evidence has been accumulated in connection with the 
Tubercle Bacillus, but in this case the behaviour of 
the opsonic index is practically identical for all 
organisms, and so a description for the Tubercle 
Bacillus will be equally applicable to every variety 
of Bacterial Infection. 
As a means whereby the inoculation of 
Bacterial Vaccines, and more especially Tuberculin 
(T.R.) can be adequately controlled, the opsonic in- 
dex would seem to have met with its p'reatest utility 
as far as its application to practical medicine is 
concerned. Before its significance in this respect 
was appreciated, there can be little doubt that much 
unintentional harm was done by the, so to speak, hap - 




The application of the opsonic in 'ex in 
this connection can best be demonstrated by r.efe rinP 
briefly to the effects produced thereon by the inocu- 
lation of a Bacterial Vaccine. Thus, for example 
where a single dose of. a Bacterial Vaccine is inocu- 
lated, we have in the first instance a distinct fall 
in the opsonic index for that organism of which the 
vaccine consisted - the negative phase -. It is 
also found that the extent and duration of this nega- 
tive phase varies within certain linits according to 
the dose of the vaccine; thus when the dose 
is small the negative phase is likewise slight, 
where, however, a large dose of vaccine is inoculated 
the negative phase is very marked, and may persist 
for a very considerable. period, and coincident with 
this, constitutional symptoms, such as rise of tem- 
perature, increased pulse rate and respirations, may 
be developed. When only a single dose of Vaccine 
has been given the negative phase is succeeded by a 
rise in the opsonic index - the positive phase - to 
an extent above that recorded previous to inoculation 
The time intervening between Inoculation and the es- 
tablishment of this positive phase varies very con- 
siderably in different cases. In some it may be de- 
veloped/ 
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developed in 24 to 46 hours after inoculation whilst 
in others there may be an interval of 14 days. In 
a series of 160 cases of Phthisis investigated by 
Lawson and Stewart, showed a persistent negative 
phase 14 days after inoeu'lation. There observers 
also found that neither the temperature, pulse nor 
other clinical manifestations of the disease corld be 
taken as in any sway indicating the duration of the 
negative phase. Once established the positive 
phase tends to persist for some tine gradually, how- 
ever, subsiding to its original level. As a rule 
the duration of the positive phase r.esultin« from a 
single inoculation of Vaccine is fron 10 days to a 
month. If we now consider the effects on the op- 
sonie Index resulting from a series of inoculations 
we find that a curs ola +ive negative phase, i . e . , a 
progressive fall in the opsonic index is very easily 
produced, whereas it is found a matter of the great- 
est difficulty. if not entirely impossible to effect 
a cumulative positive phase, at least with the Tu- 
bercle Bacillis. It, is here that the regular es- 
timation of the opsonic index finds its most useful 
application, for in this r-ay and it this Tway only, 
can any definite and certain indee Lion be obtained 
as to the exact time at which reínocr'lation can be 
safely/ 
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safely resorted to. Thun, for example, if a second 
inoculation be given before the primary negative 
phase has given place to the positive phase, a still 
fur. *her lowering of the opsonic index-results, a 
lowering which is manifestly detrimental to the 
patient; if, on the other hand. the positive phase 
ifi allowed to become v'e11 established_ arrd a second 
inoculation only resorted to when it is found that 
the opsonic index is again showing signs of declin- 
ing,the negative phase necessarily induee1 as a re- 
sult of this inoculation is found to be very slight 
in eed, and_ thus the benefit accruing from the posi- 
tive phase subsequently developed is correspondingly 
great as this second positive phase Is to a certain 
extent , so to speak-, superir :roPed upon the previous 
one. It would seem, however, that it the case at 
leant of the Tuberct?.lo- opsonic index the limit of 
this superimposition of positive phases is soon 
reached so that it is irnossihie an has already been 
stated to produce a steady cumulation of positive 
phases. 1 /gnat can be attained however in the vast 
majority of cases, provided care be taken that the 
'lose and interspacin,g of inoculations are appropri- 
ately sguided by the r.euAln.r estir,ation of the op- 
sonic index, is a maintenance of the opsonic index 
at/ 
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at a very considerably hirer level than that obtain - 
eJ previous to inoculatirns. As tine p.oes on it 
may be found necessary to increase the de se of Tu- 
berculin (T.R.) but here \a--ain the only accurate in- 
dication is to be found in the regular estimation of 
the opsonic index. A great deal of evidence has 
already been recorded in this connection and on al- 
most every hand the necessitY of regularly estimat- 
ing the opsonic index has been not only confirmed, 
but e iphasi7,ed by the various observers. It will 
thus be seen that the opsonic index, as the only 
means whereby the inoculations of Bacterial Vaccines 
can be adequately controlled, has a very irivrta.nt 
practical application in Therapeutics. 
We shall no':r discuss briefly the third 
any. last point - namely - 
III. IS VACCINE TREATMENT OF DISEASE JUSTIFIED 
BY THE RESULTS ALREADY RECORDED? 
There are one or two considerations which 
make it a matte - of some difficulty to give a defin- 
ite 
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definite answer to thin giie° +inn. Thus, for example, 
we find that, whereas, , perhaps , the larger number of 
recorded results have been obtained in conjunction 
with regular estimations of the opsonic index, in 
other.s,however.,no such regular estimations have been 
made. Then again, very considerable doubt would seem 
to exist regarding the exact dose of Tuberculin (T.P.) 
necessary to ensure the most satisfactory results; one 
is surprised on reading the large number of results 
which have already been recorded,to find so much vari- 
ation in the dose of Tuberculin employed by different 
observers. It may be mentioned in rassing,that Koch's 
New Tuberculin (T.R.) it standardized in relation to 
the weight of dried tubercular powder contained in a 
given volume of fluid: in what follows therefore, the 
weights given have reference to tree tubercular powder 
only, and also except where otherwise stated,the term 
tuberculin has reference to Koch's New Tubercvlin(T.R) 
Wright has laid it down as a general rule, 
that the dose of tuberculin should be the smallest 
capable of eliciting a satisfactory .response on the 
part of the machinery of Immunisation. In Wright's 
experience 1/600 mgm. is quite a sufficient dose for 
a primary inoculation, and in many cases it will be 
found that 1/1000 rim. will suffice. This view, as 





especially by thou who have practised inoculation 
in ecnjunc +.ion rrit.h careful and r.ep lar ertira +ians 
of the opsoni c index. If we now eonsider the dos - 
are eoririonly er?plozred by different o1 -)servers, rre find 
that 1/2r0 mcrm. and even 1 /l1O mgr. . are by no neans 
uncommon and in a n"nl:)er of cases of Genito-urinary 
Tubereulosis recorded. by Pard_oe. the dose of tuber- 
culin was corlrnonllr increased to g or 2 mrri. and 
in a f.Fw capes as much as i rnrm. baH been c iven. 
When such an extnorc3in?ry variatirn in the dosage 
evists, it is not to be wondered P.+ if the results 
are of a so] errhat varied charaet er and vet. taken 
all over these would seen to be very riuehi in favour 
of a more extensive use of Tuberculin in Tuberculous 
disease. There is one other point. however, which 
calls for special mention, and on which very con- 
siderable doubt would also seem to exist and that is 
the question of what cases are really' suitable cases 
for Tuberculin treatment. In this connection de- 
finite ruler: have been laid down by Wright and as 
most, if not all of these have met with ample eon - 
firmation fror other souree . it wo° "l perhaps he 
of Pore value to briefly refer to there here. 
In the first place , in no case she lr in- 
oeulation be _resorted to until several estimations 
of/ 
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of the tuberculo-opsonic index have been made an': it. 
has been thus aeoer +.ained whether the latter is reru- 
lar and steady or fluctuating from day to day. If 
of the former variet-v and low, inoculation can be 
safely commenced in conjunction with rep -ula.r estim- 
ations of the o1?fionic in ex. As an initial dose 
1/1000 or 1/6(0 mrn. should be inoculated and a se- 
cond inoculation should not be riven until there is 
evidence that the positive phase induced by the in- 
itial dose is beginning to fall array. A reinoch.la- 
t,ion of the sane dose is then resorted to and pro- 
vided this he the proper dose, it is found that the 
negative phase is, in this case, less well marked than 
with the pr.inar.1r inoculation, and the positive phase 
as a result will be more rapidly produced. Shoup 
the contrary, hovrev er, be observed then one is justi- 
fied in conclu.dincr that the dose has been too larve, 
and this orrht to he diminished in subsequent ino- 
culations. In this way the correct dore is readily 
ascertained and with correct intersDacinr of doses 
in subsequent inoculations, the tuberculo- opsonic 
index can be steadily maintained_ at a high level. 
When such a course is followed the very best results 
can be anticiì)ated,and judrin7 from those already 
recorded there can he little d.ou.bt that in Tuberculin 
we/ 
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we have a therapeutic ent of the very greatest 
value. The rasPP which naturally fall into this 
class comprise a very large proportion of tuberculous 
infections, including almost all varieties of local- 
ised infection. characterised by an absence or con- 
stitutional disturbance, also many eariv cases of 
Phthisis and almost, all the more chronic varieties 
of this Jísearn . 
In the second variety of cases in which 
VIP have a regular index, but in which this is found 
to be normal or higher than normal the advisability 
of resorting to Tuberculin inoculation would seed to 
be more doubtful. Taking into account all the evi- 
dence, it would seem t.ha+ in the first instance at 
all events, inoculation shoo l? not he re sor. t el to, 
but rather that such a case shoull be watched care- 
fully and the opsonic index regularly estimated. 
Should progress in the direction of recovery he made, 
then nothing further should be done, if on the other 
hand, the case should remain stationary. inoculation 
should be resorted to with the greatest care, only a 
ver r minute dose, 1 /PPOO mgrn. or even less being 
givFn in the first instance, and the effects of this 
very carefullir studied. the question of continring 
the inoculations depending entirely on the effects 
produced 
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produced by the initial done. 
In the third variety of cases in which the 
opsonic inrle - is fluctuating from day to day, and 
into this clans also fall cases which are obviously 
acute with marked constitutional disturbance, even 
though they nay present a persistently low index, 
the advisability of Tuberculin inoculations is en- 
tirely contra-indicated. In these rases the pr-ir "ary 
treatment should be directed on general lines, in 
an endeavour to arrest the fluctua tion arising from 
the constant auto-inoculation from the seat of in- 
fection. Shoull. these rieasures be cueeensfui any 
the opsonic index settle down and become re mlar, 
tuberculin inoculation mar then be resorted to with 
the greatest carp. In the other variety of cases 
in which the symptorlr are obviously acute with nark- 
ed constitutional disturbance, and where the opsonic 
index is persistentlir low, we are bound to conclude 
that the nachinery of Irrunination_ in already taxed 
to the uttermost, and that , in all probability, in- 
oculation world only result in the production of a 
still further lowerínrr of the opsonic index. How- 
ever, even here in so far as there eases are usually 
of the riost hopeless variety and if left to then- 
selves alnost invariably t errai nat e fatally, inocula- 
tion/ 
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inoculation right be tried as rl dernier ressort and 
the fact that a fear cases are on record where a fa- 
vourable result has ',een obtainer?. by this means 
Rives additional support te this vietvr. The very 
greatest precaution must however be exercised. and 
onitr the most infinitesimal dose, about 1/6C00 mcm. 
given in the first instance, the effects of which 
must, be studied with the greatest cure. 
Such then are the chief considerations 
which one rnlst have constantly before them in resort- 
ing to the treatment of Tuberculous Infections by 
the inoculation of Tuberculin. Where due attention 
h been given to these considerations, and the dose 
and in +.erspacing of inoculations controlled by the 
rep-nlar estimation of the opronie index, the results 
have been of a particularise encoura sing nature, and 
even in cases where the dosage has been excessive 
or where adequate control has been wanting, the re- 
suits are vronderfllli it uniform, and in rani' napes in 
the highest, decree encouraging. The ir^precsion 
received from a perusal of the general facts already 
recor ed from maris sources indicates that in time, 
Tuberculin Therapy will prove, as Wright has stated 
a very valuable asset to medicine. Much will, hoc; -- 
ever, require to be done ere it can be expected to 
meet/ 
57. 
meet with general acceptance, +he laborious nature 
of the procedure at present involved liniting its 
application to a very great extent. With the lapse 
of time, however, and the steady aceumlation of 
accurate observations, it may then become possible 
to forrrilate some definite rule as to the linits of 
dosage, and most satisfactory interspacing of inocu- 
lations, as a result of which, the regular estimation 
of the opsonic index will only be necessary, in the 
small minority of cases calling for such treatment.. 
Not the least interesting point raised by 
the introduction of Tuberculin Treatment, is the 
question of its utility as a prophylactic measure in 
cases of na+ ral and hereditary predisposition to 
Tuberculosis, but meantime, the evidence accumulated 
in this connection is too united, to permit of any 
definite statement being made. Should, however, 
adequate proof be forthcoming of its benefit in this 
connection, and the evidence so far recorded is cer- 
tainly of an encouraging nature, the question thereby 
opened up is one of immense importance. If. for ex- 
ample, by a systematic examination of the tuberculo- 
opsonic index in all cases, where there is reason to 
suspect a predisposition to Tuberculosis, it were 
possible to overcome this predisposition by increas- 
ing 
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increasing low indices by appropriate inoculations. 
The benefits thus conferred on humanity would be in- 
measurably great. 
A few words with regard to the Vaccine 
treatment of other Bacterial Infections, and we are 
finished. Of these, Staphylococcal and more especi- 
ally in this connection, Acne, Furrncu.losis and Syco -- 
sis, have been extensively treated by appropriate 
vaccines, and the results of such treatment have, in 
almost every case, proved of a highlsr satisfactory 
nature. Here also, in order that the most satisfae- 
tore results may be obtained, it is advisable that 
the Staphylococcal Opsonic Index should be estimated 
from time to time, but in this case, the importance 
of such examinations is not so great as the negative 
phase is of shorter duration and the positive phases 
show a much greater tendency to become superimposed, 
than in the case of the Tubercle Bacillus. The re- 
sults of Typhoid inoculation introduced by Wright and 
since carried out so extensively in the army as a 
' prophylactic measure, are too well known to call for 
any special mention here. Many other Bacteria:! In- 
fections are now being treated on similar lines, and 
in many of these, the results are also encouraging, 
but so far, these recorded are tno limited to make 
any/ 
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any general statement of much value. 
So much then for the general facts regard- 
ing opsonins, their nature, mode of action, and util- 
ity, so far as these are known at the present time. 
In the foregoing sketch an attempt has been made `.o 
accumulate from different sources all the general 
facts, and as far as possible to indicate, where di- 
versity of opinion exists, what would seem to be the 
most likely conclusion suggested by a careful con- 
sideration of the general evidence relating to the 
point at issue. The sketch is necessarily brief and 
in parts, points of greater or lesser importance nay 
have been inadvertently missed, but in extenuation it 
is claimed, that the literature appearing from time 
to time has naturally assumed considerable dimensions 
and is, in addition, so scattered, that it is now a 
matter of considerable difficulty to accumulate all 
the facts without making some well nigh unavoidable 
omissions. That much more will be heard of onsonin 
in the future, I have little doubt, but, at the same 
time, it must be admitted, that much more extended 
investigation and careful observation will be neces- 
sary, ere its real value can be properly appreciated. 
A short summary of the general conclusions arrived at 
in the foregoing sketch is appended. 
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SUMMARY OF THE GENERAL FACTS REGARDING OPSONINS. 
1. Opsonins are normal constituents of the Blood. 
2. Their presence would seem to be entirely limited 
to the Serum. 
3. They are thermolabile. 
4. They are relatively heliostable (evidence in 
this connection is, however, somewhat uncer- 
tain.) 
5. There is reason to believe that they are speci- 
fic separate opsonins existing for different 
varieties of Bacteria. 
6. They probably belong to that class of elements 
known as Complements. 
7. On the other hand, there is evidence that they 
do not belong to that class of elements known 
as aniboceptors or immune bodies. 
8. Their mode of action is that of combining with 
the Bacteria, thus preparing them for Phago- 
cytosis. 
9. In the process of Phagocytosis thus induced the 
leucocytes are considered an indifferent fac- 
tor. 
10. As to where these elements are produced, no cer- 
tain/ 
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certain knowledge is at present on record, 
but several authorities are of opinion that 
they are of leucocytic origin. 
11. They are present in many secretions of the body 
but of these the most important, from the 
point of view of practical medicine, is the 
milk. 
12. In conditions of disease resulting from a defi- 
nite Bacterial infection, the normal opsonins 
are modified to a greater or lesser extent 
for that organism only, which is concerned in 
the production of the diseased condition: 
they may be increased or diminished. 
13. Where a condition of immunity is established 
and also in some of the foregoing conditions 
of disease, the opsonic content of the blood 
becomes altered in character in most cases in 
the direction of a very considerable increas- 
ed opsonic power. 
14. How far this is clue to an increase in the nor- 
mal opsonins and how far to the production of 
a distinct and separate element, closely al- 
lied to normal opsonin is at present a matter 
of dispute. 
15. Similarly whether this element is in reality a 
fresh/ 
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fresh production or merely a modification of 
the normal opsonins, is also a matter of dis- 
pute. 
16. That a new element is formed can be demonstra- 
ted by reason of the fact that it is definite- 
ly thermostable. 
17. This new element has been called "The opsonic 
body found in immune serum" by most authori- 
ties. Leishwan, however, believes the term 
"Stimuli_n" most applicable. 
19. It is eminently specific only acting on that 
organism concerned in the production of the 
condition of Immunity. 
19. There is evidence that it is largely heliola- 
bile. 
20. Its action would also seem to be that of com- 
bining with the Bacteria, thus preparing them 
for Phagocytosis. 
21. No certain knowledge is on record as to where 
in the animal body it may be produced. 
22. The opsonic index for many different varieties 
of Bacteria varies from .80 to 1.20 in normal 
healthy individuals. 
23. There is, however, relatively little variation 
from day to day. 
24. That/ 
24. That it is affected to a slight extent by exer- 
cise and the ingestion of food would seem to 
have been fairly established. 
25. The opsonic index in cases of Bacterial infec- 
tion is of too variable a character to be of 
great value in the diagnosis of disease. 
26. To various procedures which have been advocated 
to supplement the opsonic index in diagnosis, 
various objections attach. 
27. In conjunction with the inoculation of a very 
small dose of Tuberculin, we have, however, a 
fairly delicate test for the presence of. Tu- 
bercle. 
28. Its greatest practical value is to be found in 
its application as a certain index by which 
the therapeutic inoculations of vaccine can 
be systematically controlled. 
22. In so far as the results already obtained with 
vaccine treatment, are of a particularly en- 
couraging nature, a wider application of such 
treatment would seem to be justified, provi- 
ded due attention is accorded to the various 
considerations which have been stated in the 
text. 
30. The question of Tuberculin inoculation as a 
prophylactic measure in all cases where a 
predisposition to Tuberculosis is suspected, 
has been suggested. 
64. 
PART II. 
In which a description is given in detail of the 
various experiments which have been personally 
carried out by the writer. 
(35. 
Before discussing the various experiments 
individually it is proposed in the first instance to 
give a short description of the teehnique involved 
by t }le different experimental Procedures which it 
has been necessary to employ. Except where it is 
otherwise stated. the method employers in estimating 
the opsonic content of different sera. has been 
practically that of "lright. Frith a fevï modifications 
in some cf the minor details which have suggested 
themselves to the writer or been suggested to him 
by other workers. In all cases the corpuscles 
employed were those of the '7ritor. To obtain these 
a piece of stout glass tubing of about Y3 rd in. 
diameter and about 44, ins. long is taen and sealed 
at the one end in a hunson flame, thus making a con- 
venient tube for Purposes of centrifugalisation. 
A permanent mark is Placed on this about 31 ins. 
from the sealed extremity and a similar mark about 
4 in. higher up. that is, about 4 ins. from the 
sealed extremity. This tube is then filled up to 
the 3" mar_ti with citrated saline solution. i.e. 
sod. citrate 800 in a 850 solution of sod. 
chloride. Blood is run direct from the finger into 
the citrateri saline solution until the 4" mari, is 
reached 
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:reached; the; whole is then well shaken and contri- 
fu ed for about 10 minutes in an Electric centrifuge. 
The supernatant fluid is then Pi petted off and the 
tube filled ì.1p with normal saline solution and the 
whole again well shaken and centrifuged for about 
the same time as p)revioì1slJ. Tho supernatant fluid 
is then pipette(' off as carefully .ant completely as 
possible. The upper layers of the deposit, 
familiarly known as the blood cream are then taken 
up in a long g lass ripette and transferred to a 
suitable vessel, covered and laid aside till requir- 
ed. For collecting the serum an ordinary glass 
capsule is used.. This is made from a piece of 
thin glass tubing about 1/6 th in. diameter,. Both 
extremities are drawn cut in a Bunsen flame to form 
capillary ends, the finished capsule thus compris- 
ing a central portion conveniently about 1" long 
and of the same diameter as the original glass 
tubing, and at either extremity, a capillary Por- 
tion of about the same length. In makin these. 
the entire capsule is heated to a re l. heat and both 
extremities at once sealed and only broken 
immediately before using, thereby ensuring the per - 
feet sterility of the capsule. 
A/ 
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A capsule of this description is filled 
about 2/3 rds. full with blood and tho ends sealed. 
It is allowed to stand for 10 or 15 minutes till 
clotting takes place and is then centrifuged to 
hasten and complete the separation of the serum. 
For this purpose the ordinary electric centrifuge 
was used, some cotton wool having been placed in 
the bottom of the centrifuge tube to form a con - 
venient bed for the capillary end of the capsule. 
At first the "r.ecurved" capsule described by Wright 
'Tas employed and this was hung in the hand centri- 
Dlge for purposes cf centriflgalisaticn. Experience 
however, showed, that with a capsule of this descrip- 
tion breakages were not infrequent, and 'so it was 
abandoned_ in favour of the straight capsule. as 
this can be centrifuged q'lite as conveniently and 
with practically no risi of breakage Provided the 
capillary Portion is not too fine. 
In the majority of the experimental work 
the Staphylococcus Pyogenes Aureus has been employed 
in estimating the effects of the different proce- 
dures 
' on the opsonic content of the serum. In 
addition, however, observations have been made with 
B . "nli B. Tyihosis, 'Iicrococcus R?^eumaticus and 
the/ 
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the Tubercle Bacillus. 
With the exception of the Tubercle Bacil- 
lus. Emulsions were prepared from a 24 hours culture 
c;rowth of the organism. the latter being Zri-1ed to a 
125 solution of sod. chloride and. ,rourid. up in a 
small agate mortar. The resulting emulsion is 
then transferred to a convenient glass tube and 
centrif.zged for a few minutes in order to bring 
down any Bacterial clumps which might not have been 
completely brol:en up in the mortar. To avoid. as 
far as possible, conta mination of the contents, this 
tube was then covered. by means of a glass capsule. 
Fresh emulsions were made in the same way, 
about once a week. as it was found that the results 
obtained with a freshly made emulsion and one . 2 or 3 
days, or even a weer: old were exactly the same. All 
the emulsions were, however. sha. : :en up daily and 
then centrified to ensure, as far as possible a 
homogeneous suspension of the Bacteria. 
Emulsions of T.B. were prepared from the 
dried material obtained from cultures of the organ- 
ism ar_i which had been previously heated to 1000 C. 
The method_ of preparation was exactly the same as in 
the case of the other organisms a l.25¡ó solution of 
sod_ 
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sod. chloride being used?.. Fresh emulsions were 
prepared abo t every 10 days and daily shaking and 
centrifugalisation systematically carried out. 
Having obtained the corpuscles, the serum, 
and the em'il_sion, a fine capillary pipette is next 
taken and a mark placed i.1Pon this, a convenient 
distance from the capillary end. Corpuscles, serum 
and emulsion, are then aspirated up to this mark, a 
small air bubble being taken up between each and in 
this ,gray an eaua 1 volume of each of the three in- 
gre,'.ients is obtained in the capillary portion cf 
the Pipette. These are then carefully ejected on 
to a clean glass slab by means of the rubber teat. 
reaspirated and ejected several times until thorough- 
ly mixed, when they are finally ejected on to the 
slab. Having thoroughly mixed the three ingre- 
dients in this way. the mixture is transferred to a 
fine capillary tube which is at once sealed at both 
enrls and placed in the incubator at a temperature of 
370 C. for 15 minutes. Care was taken that each 
mixture was Placed_ in the incubator at once, the 




The measuring pipettes were made from a 
piece of ordinary glass tubing about 
1/3 in. diameter. 
one end being drawn out into a fine capillary tube 
in a Bunsen flame. A separate Pipette Tiras }.ept 
for each variety of emulsion an ̂_ these were 
thoroughly washed out with normal saline solution 
every time they were used and carefully dried before 
again using them. 
At the expiry of the 15 minutes incuba- 
tion, the capillary tube is removed from the Incuba- 
tor, the ends cut and the contents blown out on to 
a clean slide and the film spread with a cigarette 
paper of convenient size. After drying; at the room 
temperature the film is fixed over the Bunsen flame 
or by placing, in the incubator for 15 minutes. 
The film is then stained with Jennor's or Leish pan's 
stain, the former preferably, as it is quicker, and 
on the whole was found to give more uniform results. 
In counting, never less than 30 leucocytes 
were counted. In practice 30 leucocytes taken in 
se 'uence wore counted in the first instance and the 
number of ingested Bacteria for each individual 
leucocyte noted. Other 20 cr 30 leucocytes were 
then 
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then examined rapidly, without marking down the 
actual number of ingested Bacteria. In this way 
one could judge fairly accurately whether or not 
the average Bacteria ber. leucocyte in the latter 
20 tallied with the preceding 30. If there was any 
doubt on this point a second count of 20 leucocytes 
was made and the average ta'(en for the 50 leucocytes. 
In every case the control was furnished 
by the writer's blood, the degree of phagocytosis, 
i.e. the ay. no. ingested Bacteria Der leucocyte, 
obtained in this case being taken as unity and the 
result for the other blood calculated from this by 
dividing the degree of _ohagocytosis in this case. by 
that obtained for the control blood. 
Estimations of the total number of leucocy- 
tes per c.mm. of blood were made in the ordinary way 
with the Thoma blood counting apparatus. For 
differential leucocyte counts, films were urel)ared 
in the ordinary way and stained with Jonner's stain. 
In making the counts 400 leucocytes were in each 
case counted, and the results are recorded as a por- 
contage of the whole and in addition the total 
n' grab e r,/ 
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number of each variety tor. c.mm. of blood. is 71von. 
Except where otherwise stated the above 
Procedures have been carried out in all the experi- 
ments in the manner already indicated and so it will 
be unnecessary to again refer to them in the case of 
individ- al experiments. 
SERIES I. 
The first series of oxterinents were 
carried out with a view to ascertaining the 
following:- 
A. .'nether or not the number of one or other variety 
of leucocyte, per c.nm. of blood would correspond 
with the variations observed in the or.sonie Indi- 
ces of normal sera. 
B. Mlether or not a serum showing a low index for 
one organism would show a correspondingly low 
index for all organisms. 




The variations in differential leucocyte counts in 
relation to variations in the opsonic Indices of 
normal sera. 
For this purpose the Bloods of 12 appa- 
rently normal individuals have been examined. 
Total and differential leucocyte counts have been 
made in each case and the opsonic index estimated 
with Stauhylococcus P.Aur. The writer's blood 
has, in each case, furnished the control, leucocyte 
counts being made in the same way. In making 
the differential leucocyte counts the following 
varieties have been .recognised. 
1. Polymorphonuclear leucocytes. 
2. Lymphocytes. 
3. Large mononuclear leucocytes. 
4. Coarsely granular Eosinou-rikle leurs. 
5. ;last cells. 
In recording the results the lymphocytes 
and large mononuclears have been given separately 
but in addition have also been given combined. 
under the heading of Total Uninuclear cells. 
The following are the results obtained in 
the case of the different bloods examined. The 
figures/ 
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figures in red refer in each case, to the control 
blood. The total number of each variety of 
leucocyte per c.mm. of blood is alone given, as 
space would not permit of the percentage values 
being included in the same table. The average 
values for, on the one hand, the 12 different 
bloods and, on the other, the 12 separate estima- 
tions of the control blood aro given in the bottom 




Red figures = Control Blood 
Total Poly- Lym- L.Mo- Total Coarse Mast Stap -I 
Leucs. morph. pho- nonu- Uni- Gran. Cels. hylo- 
per Leucs. Bytes. clear nucl. Eosin - 70 coca 
C .m ins. per per leucs. Cells. ophyl. opso- 
of C.mm. C.mm. per per Leucs. nic 
Blood. C.mm. C.mm. per Index 
C.mm. 
8000 4592 2208 960 3168 240 0 99 
6600 4356 1320 594 1914 330 0 1.00 
2. 7000 4032 1834 854 2688 280 0 1.17 
8400 4435 2285 1176 3461 504 0 1.00 
3. 9000 5895 1755 1080 2835 180 1/0 1.16 
7000 4165 1505 980 2485 280 10 1.00 
4. 10200 5712 3213 1071 4284 204 0 .90 









7500 1875 4312 1218 5531 75 .250 1.00 
7600 4408 1938 608 2546 646 0 1.00 
8500 3396 1966 877 2843 227 5p cef 1.10 
7400 3959 2294 795 3089 333 .250 1.00 
7500 3975 2512 937 3449 75 0 1.04 
6500 3607 1852 633 2486 357 750 1.00 
7000 4165 2240 490 2730 105 0 .84 
7600 4750 2166 342 2508 342 0 1.00 
7800 4836 2067 741 2808 78 1* 1.06 
6800 4182 1700 714 2414 204 0 1.00 
7000 3955 1995 840 2835 210 0 1.20 
8800 5104 2684 748 3432 220 50 1.00 
7600 4484 2318 608 2926 190 0 1.07 
7000 3990 1785 875 2660 245 1.50 1.00 
8800 4444 2772 1144 3916 352 lo .97 
7400 4218 1702 1221 2923 222 .50 1.00 
AVERAGES. 
7825 4280 2432 893 3325 185 .31* 1.04 
7460 4330 1932 833 2765 342 .370 1.00 
76 . 
So far as these results go, it will be seen 
that neither the total number of leucocytes, nor any 
one variety shows a constant variation, corresponding 
to the variations in the Opsonic indices. For pur- 
poses of comparison, each blood is compared with the 
control blood. It is,perhaps, unfortunate that the 
different bloods cannot be compared the one with the 
other, but, it will he evident that such a comparison 
would be entirely fallacious on account of the varia- 
tions in the leucocyte counts of the control blood 
from day to day, In the present case, however, suf- 
ficient evidence is, I think, obtained by the compari- 
son of each blood with its control to disprove any 
relationship between the Opsonic Index and the differ- 
ent varieties of leucocytes, at least, so far as thesq 
observations go, Thus, for example, in the case of 
Blood No.l. we find an opsonic index of "99 as com- 
pared with 1'00 for the control blood which Indices 
for all practical purposes may be taken. as equal. 
On the other hand, the leucocyte counts show marked 
discrepancies in the number of every variety, except 
perhaps, in the case of the Polymorphs. In blood 
No .2 . there is a corresponding difference in the leu- 
cocyte counts, except that in this case, the control 
blood shows the higher counts throughout, the opsonic 
indices 
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indices, however, are not equal in this case, but 
show a difference of 17. Similarly with the other 
bloods, discrepancies existing to a greater or lesser 
extent in every case. Blood 5. is of particular in- 
terest on account of the very marked differences IT 
the leucocyte count as compared with the Control 
Blood. This blood was obtained from a man apparent- 
ly in excellent health, and the counts were verified 
by examination on other two occasions when almost 
identical results were obtained. The co- existence 
of an equal opsonic index with so marked discrepen- 
cies in every variety of leucocyte, would almost in 
itself seem to disprove any relationship between the 
two. 
On one or two subsequent occasions where 
similar estimations have been made in connection with 
other experiments, these results have been confirmed. 
B. 
To ascertain whether a serum having a low 
Opsonic Index for one organism would have a corres- 
pondingly low Index for other organisms. 
For/ 
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For this purpose a number of Normal Sera 
have been examined, and in each case the Opsonic In- 
dex estimated for more than one variety of organism. 
The results of these observations are embodied in the 
following table:- 













3 . 1'17 70 90 - - 
4. 1.07 90 .91 -- - 
5. .90 1.1G 107, 1.17 - 
6. 1.00 1.08 90 83 - 
7. 1 .10 1.10 1 .04 .90 - 
8. 1.04 1.00 90 90 82 
9. 1.20 1.00 82 '70 - 
10. 1.06 - - .94 1.00 
11. 97 - 92 92 - 
12. '84 - - .80 '94 
These results would seem to indicate that 
a normal serum may show a high Index for one organism 
and yet show a low index for another organism. 
Thus/ 
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Thus in the cae of No.l. the opsonic index 
for Staphylococcus is practically normal, whereas a 
very high index is recorded for B.Coli. 
Serum 2. shows a comparatively high index 
with both organisms, that for Staphyloeoc u9, however, 
being considerably higher than for B.Coli. 
Serum 3. shows a high Index for Staphylococ. 
a comparatively low Index for B.Coli. and a very low 
Index for T.B. 
Serum 4. shows a high Index for Staphylococ. 
a comparatively low Index for both T.B. and B.Coli. 
Serum 5. on the other hand, shows a low In- 
dex for Staphcoc., but a high Index for the other 
three organisms. 
Similarly with the remaining Sera varia- 
tions in the value of the opsonic Indices for differ- 
ent organisms, being found in practically every case. 
C. 
The variations in the Opsonic Indices of a 
number of normal healthy individuals. 
In this connection 32 Normal Bloods have 
been/ 
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been examined for Staphylococcus P.Au.r 
10 for B.Ooli . 
9 for T.B. 
8 for B.Typh. 
3 for Micrococcus Rheumaticus. 
With the exception of 20 Staphylococcal and 
2 T.B. Indices, these results have already been re- 
ferred to in the previous experiment, and the indivi- 
dual indices will be found there in tabular form. 
Taken together the following averages and 
variations were obtained:- 
32. StaDhcoc. Av. 1.06 - Variations from 84 to 1.27 
10. B.Coli Av. 96 - " " 82 " 1.24 
9. T.B. Av. 99 - 
8. B.Typh. Av. 89 - 





" 70 " 1.16 
" 70 " 1.17 
" 82 " 1.00 
62. Different 
organisms. Av. 96 - Variations from 7C to 1.27 
In regard to the variations in the opsonie 
Index of one and the same blood from day to day, 5 
estimations of the writer's opsonic Index for Staph- 
coc. were made. In every case the control was fur- 
nished by the blood of a normal guineapig, the same 
animal being used for this purpose on each occasion. 









The following experiments ivre carried ont 
to ascertain how far the opsonic content of normal 
serum would be reduced or increased, by 'Keeping the 
serum for varying periods. 
A. In contact with the corpitseles . 
P. Separate fror l the corpuscles. 
A. When it was desired to keep the Rerun in contact 
with the corpi'seular elements the serum was col- 
lected in the ordinary way in a sterile glass 
capsule, and immediately sealed. After clot +ing 
had taken place, the serum gran centrifured, are?. 
the capsule laid aside till required. 
B. When it was desired to keep the serum separate 
from the corpusc.'l-ir elements, the serum was col - 
lected and centrifuged as above. The capsule 
was then opened, and the 'lean separated serum .
transferred to anctber c'terile glass capsule, 




In every ease the great est care was taken 
to avoid any contamination of the sera with Bacteria. 
The finger from which the blood was collected t'as 
very carefully cleansed before rl,nct,?rinn , the riel: - 
er. was flamed before using, and the glass capsules ir 
which the blood was collected rendered absolutely 
sterile by heating to a red heat,pr.ior to usinFr. 
That these precautions core successful tiras evileneed 
by the fact that in no case were any extraneous or- 
ganisms fountr1 in the serum when the capsules were 
subsequently opened. In a corresponding set of 
experiments, to which reference will be made later, 
in which the sera were kept for varying periods in 
open capsules, there was abundant evidence of Bac- 
terial contamination. 
In the first series of experiments, the 
samples A and D, were collected at the parie time, in 
the manner already described. They were then kept 
for the times specified, under exactly the same con- 
ditions, i . e . , in sealed sterile glass capsules, 'at 
the room temperature, and exposed to the light. 
At the end of the specified tine, the capsulep were 
opener? , and the sera tested in the ordinary way with 
fresh -washed leucocytes, and a suspension of Staphy- 
lococcus P.Aur, or. B.Coli, and in one or two cses P. 
Typhoid 
83. 
Typhoid or r,i . Rheunat ici e . 
The p'r:agocytic power of fresh Rerun esti- 
mated at the same tirs, was taken as unity, and the 
Indices for. the treated sera have been calculated 
from this in the ordinary way. A r,_ .line control 
aras also done in every case, the results of which 
have not been included in the table, as in no case 
was more than a trace of pha,poevtosis observed, the 




NO. AGE NATURE of OPSO1'?IC INDEX OPSO1'!TC TP- 
of of BACTERIAL sample A. P X sample 
EX- SERA SUSPENSION kept in P .1rept se- 
PMT. contact with parate from 
CORPUSCLES. CORPUSCLES. 
1. 24 hrs. Stphcoc. 1.16 
2. 24 hrs. B.Coli. 1.21 
3. 8 days. Stphcoc. 1.05 
4. 5 days. do. 1-02 C4 
5. do. do. 82 40 
6. 7 days. do. 89 43 
7. do. do. J. "0T, '86 
2. do. do. 1'21 -80 
9. do. P.Coli. 1'19 .60 
10. do. do. 103 36 
11, do. B . T'yph . 1.03 92 
12. 14 days. do. 1.04 68 
1:;. do. I-:. Rheum . 1.20 .50 
14. 18 days. Stphcoc. 1'15 65 
15. do. B.Coli. .95 40 
Taken/ 
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Taken all over, the results of these ex- 
periments are, I think wonderfully consistent.. Thus 
of the 15 sera, kept in contact with the corpuscles 
only 3 show any loss of opsonic power. In seeing 
to explain these exception's a question of sonne in- 
terest was suggested by the recollection that, in one 
or two cases sonne derree of. haemolysis .resulted from 
the keeping, but, unfortunately no note was made at 
the tine as to which of the sera were thus affected. 
However, even including these exceptions, the average 
opsonic index for the 15 sera, is i06. 
In the ease of the 12 sera, kept separate 
from the corpuscles, the results are also, I think 
wonderfully consistent. Thus, in every case a de- 
creased opsonic power is recorded, and in sore cases, 
i.e., rdos.5,6,10, and 15 this is very marked indeed. 
In Nos. 7,8, and 11 the decrease is not so great. 
The average opsonic index for the 12 sera, is 60, 
which, it must, be admitted is in very striking con- 
trast to the average index of 1.06 obtained in the 
case of sera, kept for corresponding tines in direct 
contact with the corpuscular elements. 
In the next experiments, the sera were kept 
in an open glass capsule, exposed to the air for 
varying periods. In every case, the serum was kept 
ink 
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in contact with the corpuscles. At the end of the 
time specified, there Iras abundant evidence of Bac- 
terial contamination. The organisms usually found 
in the sera in these cases, were large thick Bacilli, 
which were readily phagocyted by the leucocytes. 
For this reason only the Staphylococcus was used in 
estimating the opsonic power, and in counting the 
Bacteria ingested , the extraneous Bacilli were not 
counted. The following results were obtained:- 
TABLE II. 
NO. TIME KEPT. OPSO1'?IC INDEX 
for 
STAPHYLOCOCCUS. 
1. Kept. 24 hrs.in open capsule 
2. 11 24 hrs. tt !? It 
3 . " 48 hrs. " It t' 
4 48 hrs ,, t . . 
5. " 72 hrs. ° If it 







These results are again in striking con - 
t.r'.st, to those obtained with fir ? ̂ c 11,7ewise 'dept in 
contact with the corpuscles, but in a sealed capsule 
and 
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and t.hrs protected from Bacterial contarination. 
The avera^*e index for the 6 sera kept in open cap- 
sules, is .77 as compared with the averafre index of 
1.06 obtained with the 15 sera, kept in sealed cap- 
sules. 
The experiments embodied. in Table 3 - vide 
infra - were carried ol't to ascertain what the re- 
sult would be of incubat in, for 24 horn.urs , vritb fresh- 
washed corpuscles, obtained in the ordinary way, a 
serum which had been kept separate fror the corpuscu- 
lar element. s of the blood for a definite period, and 
which had thereby lost much of its opsonic power. . 
For this purpose two samples Of Blood were 
collected and separate,?. from the corpuscular elements 
in the manner already described. These were then 
set aside, and kept under exactly the same conditions 
for several days. On the day previous to that on 
which it was proposed to examine the sera, one of the 
capsules was opened, and about an equal volume of 
fresh -washed corpuscles added. The two were then 
thoroughly mixed, and transferred to another capsule 
which was immediately sealed and placed in the in- 
cubator at 37°C. for. 24 hours. At the expiry of 
which tire the capsule was removed from the incubator 
centrifuged, and the phagocytic power of the clear. 
separated,/ 
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separated serum teste,-3 in the ordinary ,:.gay. A con- 
trol was furnished by the second sample of seru *m, 
which had not been treated with crashed corpuscles. 
In each case the index was calculated from fresh un- 
treated serum in the ordinary way. 
TABLE III. 
110. TIME OPSONIC INDEX 




1. 7 clays 86 
P. 7 days 80 
3. 7 days '36 
4. 5 days 64 
5. 5 days 40 
OPSONIC INDEX for 
the same SERUM, 
inc "ha.ted 24 hrs. 







With one exception these results indicate 
a rise in the opsonie power, as a result of incuba- 
tion for 24 hours with fresh -washed corpuscles. TEx- 
cep+ in the ease of No.l., the increase does not at 
first sight apey?ear very great . If, however, it be 
taken into consideration that the addition of an 
equal / 
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equal volume of fresh-washed corpuscles suspended in 
normal saline solution must necessarily dilute the 
original serum to a considerable extent; this slight 
rise assumes a much more significant chara2ter, and 
in reality probably indicates quite a considerable 
increase in the total opsonic content. Unfortunate- 
ly at the time, the significance of this dilution was 
overlooked, and proYier precautions were not taken to 
accurately Measure the quantity of washe'9 corpuscles 
added, a fact , vrhieh might not only ccornt for the 
relatively high index in sic . l . , but right also quite 
well account for the slight decrease in No.5. 
Taking everything into consideration, I arm 
inclined to think that. incubating with fresh -washed 
corpuscles a serum whose activity has been previously 
reduced by keeping, in all probability results in a 
considerably increased opsonic power. 
SERIES/ 
SERIES III. 
The next series of experiments were 
carried out to ascertain 'whether a serum inactivated 
with one variety of organism would be equally in- 
activated for all other varieties. 
In this connection the following proce- 
dure was s adopt ere.: - 
A considerable quantity of serum was ob- 
tained in the ordinary way and separated from the 
corpuscular elements. To this serum was added the 
organism with which it was proposed to inactivate 
it. In the case of the Tubercle Bacillus the dry 
puulverised tubercle growth was used for this pur- 
pose, but in the case of the Staphylococcus P. A "r . , 
B. Coli, and B.Typh. the living organisms obtained 
from a 24 hours culture growth were employed. 
The organisms were added to the serum and the two 
thoroughly mixed by grinding up in a small agate 
mortar until thorough emulsification was obtained. 
In every case sufficient cf the organism was added 
to form an emulsion of very considerable density. 
The / 
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The resulting emilsion of serum and organism was 
then transferred to a glass capsule and Placed in 
the incubator at 37o 0. for '- an hour. On removal 
from the incubator it was centrifuged in an elec- 
tric centrifu ge for 1 hour, at the end of which 
time the Bacteria were found to have been completely 
separated. The clear supernatant serum was then 
1)ic,ettcd off and tested in the ordinary "ray to 
ascertain what Dower it still retained of exciting 
phagocytosis with different organisms. This clear 
supernatant serum will be referred to as inactivated 
serum, the variety of organism concerned in the in- 
activation being stated. The deposit of Bacteria 
will be referred to as foDsonisedU . 
In every ease two controls were done 
(a) with normal fresh untreated serum, 
the degree of phagocytosis thus obtained being 
takten as unity and the results obtained with the 
other treated sera calculated from this. 
(b) A saline control, the results of which 
are not included in the tables as they were in every 
case negative, the indices varying from 01 to '06 
as compared with l'00 for normal serum. 
The/ 
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The results of a number of observations 
conducted on these lines are tabulated below. 
TABLE I 
NO. NATURE OF SERUM 
OPSONI", INDEv and 
ORÇATISMS with which 
examined 
Jtafìll 
coc. T.B. B. B. 
P.Aur Coli Tyuh 
1. Normal Serum 1'00 1.00 1.00 1.00 
2. Serum inactivated with T.B. 60 
3. u t t T.B. 50. '08 
4. tt rt T.B. 62 40 
5. f ttStanhcoc.P.Aur. '12 .35 
6. If It do .23 .60 '50 60 
7. It tt do 24 - 22 25 
8. u ti B.Coli. 57 - '07 03 
9. tt t do 72 - 06 60 
10. tt do 46 - 11 '25 
11. t If B.Tvuh. 61 - .35 03 
12. tf I! do '71 - 40 20 
13. tr If do '60 - 20 07 
In/ 
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In Table II - vide infra - these results 
have been subscribed more in detail. The order 
has also been changed in order to bring out more 
clearly the varying degrees of phagocytosis obtain - 
ed with sera differently inactivated when subse- 
quently tested with one and the same organism. 
Table/ 
TABLE II. 
NO. NATURE OF SERUM ORGANISM. IN- 
DEX 
1. Normal untreated Serwa + Staphooc. 
P. A. 1.00 
Serum inactivated with Sti,00c. P. Ai.zr. + " '12 
It tt ,t .$ 
. tt 60 
rt ,t 
13. Coli. It 57 
It It 11 B. ryrh , .61 
2. ?dor:lal Sextun 
Serum inactivated with Staph. Coc. P. A. 
If ,t 
" T.B. ,t . .
n tt u 
,1 t, ,t B. TylJh. 
3. Nornal Serum It 
Serztn inactivated with Sta-uh. Coc. P. A. tt 
t u T.B. tr 
It n B. Ooli.. tt 
tt It B. Tyiih. rt 
4. Normal Serum 
Serum Inactivated with T.B. 
tr tr tt St,aphooc. P. A. 
5. Normal Serrtun tt 
Se.tzTn inactivated with T. B. tt 

















6. 'Zormal. Serum B. Coli. 1.00 
Serum inactivated with B. Coli. 
It ,r " St.aijhcoc. P. A. ,t 
n ,r 
'r B . Ty-lh . 
7. Normal Serum tr 
Seru.m inactivated with B. Coli. tr 
u ti ,t Staphcot'. P. A. 
u u t, B. Tyrh. u 
8. Normal Serum 
S?rzïn inactivated with D. Coii. tt 











9. Normal Seni;n B. Ty,;h. 1'00 
SeC11t1 inactivated with B.Ty-!¡n. It .03 
If tt tt Stpcoo. P. A. v .60 
tr It ,r B. Coli. ,r 0.3 
10. Norrna.l. Serum 
Serum inactivated with 13.Typh. 
, It tt Stpcoc. P.A. 
B.Coli 
11. NOrraal Serum 



















A study of the foregoing results suggests 
the following conclusions:- 
That whore a serum is inactivated by 
digestion with one variety of organism for an 
hour at 37° C. and those organisms subsequently 
removed by centrifu;alisation. 
1. The Serum is inactivated to a greater or lesser 
extent for all organisms. 
2. The serum is, however, inactivated to a very 
much greater extent for that organism with 
which it has been previously digested; in some 
cases this inactivation is absolute. 
3. If a number of sera are inactivated, each with 
a different variety of organism and subse- 
rn?ently tested with one and the same organism, 
that serum which has been inactivated with 
this organism will show a very diminished 
Dower of phagocytosis, whereas the other sera 
will still retain the Power of exciting 7ihago- 
cytosis for this organism to a very consider- 
able extent. 
In a second series of ex?3eriments an 
attempt/ 
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attempt was Trade to bring out those points on some- 
what different lines and in these the following Pro- 
cedure was adopted. 
Sera were collected in the ordinary way 
and inactivated with one variety of organism as in 
the Preceding experiments. In subsequently test- 
ing the phagocytic power of these sera, however, a 
Bacterial Emulsion consisting of two distinct 
varieties of Bacteria was ernìloyed. Par example. in 
testing a serum which had been inactivated with 
Staph.ccc.P.Aìzr. the bacterial emulsion cororised 
a mixture of Staph.coc.P.Aur and B.Coli or B.Typh. 
This modification was introduced to ascertain whether 
the _resulting phaocytosis would be in any way 
selective for that organism with which the serum 
had not been ureviously digested. In using a double 
emulsion of this description one of the two varieties 
of or= ;anise in the mixture was always the same as 
that with which the serum tested had been inacti- 
vated. 
A difficulty which at once presented itself 
arose from the fact that it was quite ir..possible to 
estimate numerically the relative uroportions of 
the two varieties of organism, constituting this 
d_oltble / 
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double emulsion. This difficulty was, however, sur- 
mounted by doing in every case a control with normal 
untreated serum. In +his way it lias ascertained in 
what proportions the two organisms, constituting the 
double emulsion . ere phagocv +ed normally, and se in 
the case of a treated serur,;, by a simple comparison 
any alteration in these proportions gras at once evi- 
dent. By way of illustration, let us suppose that 
where a normal serum is tes +Pd with an emulsion, eón- 
sisting of equal parts of a Staphylococcal Emulsion, 
and a B.Coli Emulsion, the averace number of. ingested 
Bacteria per leucocyte are Staï coc. 6 - B.Coli 4, 
whereas on the other hand with a treated serum they 
are Staphcoc . 3 - B.Coli 4, then at a ,glance it is 
evident that the normal proportion is considerably 
disturbed. Taxing each of the figures in the case 
of the normal serum as unity, and. calculating the In- 
dex for the treated serum from this in the ordinary 
way, we have:- 
hormal serum Indices - Staphcoc.l00 - B.Coli 1'00. 
Treated t' Indices - ft 50 - B.Coli 1.00. 
In counting the slides 30 consecutive lev - 
oocytes were counted, and the number of each variety 
of ingested organism noted. 
In/r 
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In the large majority, a nrnber of each 
variety was found to have been ingested by the indi- 
vidual leucocyte. A saline control Iran also done 
in every case, hut, as these were all negative, the 
results are not included in the subjoined table. 
By way of illustration one exper. invent is 







Washed Corpuscles 2 vols. 
Normal Serum i vol. Stpcoc. = 4.9 = 1.00 
Staphcoc.Enulsion 1 vol. B.Coli . 3.7 1.00 
B.Coli Emuls. 1 vol. 
Washed Corpuscles 2 vols. 
Serum inactivated 






B.Coli 2.7 73 
B.Coli Emuls. 1 vol. 
Washed Corpuscles 2 vols. 
Normal Saline Sol. 1 vol. Stpcoc. 03 006 
Staphcoc.Emuls i vol. - E.Coli .30 08 
B.Coli Emuls. 1 vol. 
The/ 
The results of a number of experiments 
carried out in exactly t. it^ same manner, the same pro- 
portions of the various ingredients being used, are 
embodied in Table IIT. 
To save complications no mention is made in 
the Table regarding the composition of the double 
emulsion. In every case, however, it comprised:- 
(a) 1 vol. of an emulsion of the same organism as 
that with whic% the serum had been inactiva- 
ted, the index for which is given in red fig- 
ures. 
(b) 1 vol. of an emulsion of some other variety of 
organism. In the case of a serum inactiva- 
ted with Staphcoc. being tested, this other 
organism was always B.Coli., in the case of 
sera inactivated with B.Coli.. or B.Typh. this 
other organism was always Staphcoc. The in- 










1. Serum inactivated with Staphcoc.P.A. .24 73 
2. " It " B.Coli 24 90 
3 It " " B.Typh. 26 89 
4. It " " Staphcoc. 06 28 
5. it " " Staphcoc. 30 .50 
6. It It " 3. Coli 20 60 
7. " It " B.Typh. 50 70 
8. " " " Staphcoc. 32 60 
9. " " " B.Coli 37 67 
10. It " " B.Typh. 54 63 
11. " n " B.Coli 54 51 
12. " " " B.Typh. 37 '63 
Average indices for the 12 inac- 
tivated Sera. 33 64 
The results of these experiments confirm 
in a somewhat striking manner, those previous1y ob- 
tained with single Bacterial Emulsions. Thus, it 
will be seen, that even when an Emulsion consisting 
of 
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of two distinct varieties of Bacteria is employed in 
testing the phagocytic power of a serum previously 
inactivated with one of these varieties, the result- 
ing phagocytosis demonstrates clearly, that the op- 
sonic power of a serum so treated, has been reduced 
to a retch greater extent for that organism with which 
it was inactivated, than for the other organism with 
which it was not previously treated. 
In a further series of experiments a few 
observations have been made with the deposits of 
"Opsonised" Bacteria, and these will be referred to 
briefly. 
I. The serum having been pipetted off as completely 
as possible, the deposit was then thoroughly 
mixed up with Normal Saline Sol. sufficient of 
the latter being added to bring the mixture to 
its original bulk, i.e. a quantity correspond- 
ing to the serum pipetted off. 
The mixture was then centrifuged for 1 hour 
and the supernatant clear saline tested in the ordin- 
ary way to ascertain if any opsonic power had been 
acquired, as a result of washing with the "Opsonised" 
Bacteria. The following are the results of a few 
experiments carried out in this way. The indices 
representing the phagocytic power of the saline so 
treated/ 
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treated, have been calculated in the ordinary way 
from that of normal fresh serum. 
EXPERIMENTS. 
Index 
1. Saline in which opsonised EMTTL S . 
Staphcoc. were washed. + Staphcoc. - 37 
B.Coli. 22 
2. Saline in which opsonised 
Staphcoc. were washed. + Staphcoc. - 40 
Saline in which opsonised 
T.B. were washed. + " 30 
3. Saline in which opsonised 
Staphcoc. were washed. + T.B. - 71 
Saline in which opsonised 
T.B. were washed. -+ T.B. - 29 
4. In this case,the phagocytic power for normal fresh 
serum was not estimated, and so the results can 
only be given as the average number ingested 
Av .No . 
Bacteria per leucocyte. ingested 
Bact .pPr 
Saline in which opsonised leuc. 
Staphcoc. were washed. + Staphcoc. - 11.1 
Saline in which opsonised 
B.Coli. were washed. 4.4 
Saline in which opsonised 
B.Typh. were washed. + " - 5.4 
In all the above experiments controls were 
also/ 
l0G. 
also done with ordinary normal Saline Solution in 
which no Bacteria had been washed_, but the results in 
all of these were markedly negative, the indices 
ranging from 01 to 04. 
These observations indicate that, when "Op- 
sinised" Bacteria are added to normal Saline Sol., 
they impart to the latter a certain degree of opsonic 
power, and there is also evidence that the opsonic 
power thus imparted to the saline is not equal for 
all varieties of organisms, but would rather seem to 
be greater for that organism from which the ;aline 
has acquired its opsonic power. The results obtained 
in Experiment 3. however, do not rear out this latter 
statement. 
5. The deposit of " Opsonised" Bacteria were mixed 
with normal Saline Solution and the mixture cen- 
trifuged as above. The supernatant saline was 
then pipetted off and the deposit again mixed 
with Saline Solution and ground up in a mortar 
till thoroughly emulsified, and the resulting 
Emulsion then tested with ordinary washed cor- 
puscles without the addition of any serum. 
This emulsion is referred to as - Emulsion of 
"Opsonised" Staph -cocci or B.Coli. as the case 
may be. A control was done with an Emulsion of 
ordinary/ 
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ordinary untreated Bacteria. The following are 
the results:- 
A. Washed Corpuscles. Practically every leuco- 
Emulsion of opsonised - cyte gorged with cocci 
Staph- cocci . counting impossible., 
B. Washed Corpuscles. 
Emulsion of opsonised 
T.B. 
C. Washed Corpuscles. 
Emulsion of opsonised 
B.Coli. 
D. Washed Corpuscles. 
Emulsion of opsonised 
B.Typh. 
E. Washed Corpuscles. 





Practically no phago- 
cytosi"s. 
Also in the case of Washed Corpuscles and 
ordinary 7mulsions of T.B., B.Coli_ . , and B.Typh. 
practically no phagocytosis whatsoever was observed. 
These results demonstrate very clearly that 
Bacteria digested with normal serum for half an hour 
and subsequently thoroughly washed in Saline Solution 
are very actively prepared for phagocytosis. 
G. To/ 
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6. To ascertain if such treatment impaired the vital- 
ity of the Bacteria to any marked extent, an or- 
dinary agar culture tube was inoculated with 
Staphcoc.Pyog.Aur. which had been actively 
"opsonised" and washed in Saline, in the manner 
already described. At the end of 24 hours in- 
csubation at 3700. a very copious and typical 
growth was fount, and even in that time a very 
considerable degree of color had developed, 
more so than in the control tube of untreated 
Staphcoc.Pyog.Aur. , of the same strain as the 
treated sample. 
An emulsion in 1-25» Saline solution was 
made from the 24 hours growth of "opsonised" Staph- 
coo, ana tested in the ordinary way with 
(a) Normal Serum: 
(b) Normal. Serum inactivated by heat - 
ing ro 6000. for á an hour. 
(c) Normal saline solution. 
A control was furnished in each case, by 
+ est ing in the same way an emulsion of ordinary un- 
treated Staphcoc . ,the results of these are given in 
black figures, those of the former i.e. obtained with 
the Emulsion of a 24 hóu.rs growth of opsonised Staph- 
cor, . are given in red figures. 
INDIr,JS. 
with Normal Serum I.00 1.00 
With Normal Serum inactivated 
by heating 09 .04 
l t.h Normal Saline Solution '02 05 
It; 
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It will thus be seen that an Emulsion of 
Sta7oh.r,oc. 1)repare(1 from a 24 hours Jrowth of 
tIo- osoniseç.tt Staphcoc. gives practically the same 
results as the ordinary Emulsion of unpreDarer_ cocci. 
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SERIES IV. 
Under this heading will be described a few 
experiments which have been carried out on animals, 
with the following objects in view. 
A. To ascertain what effects would be produced on 
the total and differential leucocyte cc'. is and 
on the opsonic Indices of guineapigs, injected 
intra- peritoneally with Bone Harrow and Lympha- 
tic, Gland emulsions. 
B. To produce, if possible, in the guineapig a serum 
which would have active lytic properties to- 
wards the leucocytes of the rabbit. 
C. To develop in the guineapig a serum having defin- 
ite immune properties towards Staphylococcus 
Pyog. Aur. 
A. 
The effects of injecting Bone Marrow 
and Lymphatic Gland Emulsions. 
The/ 
The Emulsions were obtained from a freshly 
killed rabbit, the bone marrow frcr the Femur, the 
Gland Emulsion from the large messsenteric gland and 
spleen. In either case these were emulsified in 
warm normal saline solution and injected into the 
Peritoneal cavity of the guineapigs. 
For this purpose three healthy fall 
grown guineapigs were selected:- 
GUINEAPIG A received injections of Bone Marrow 
Emulsion. 
GU I 1,1 EA P I G il tf Gland Emulsion 
GUINEAPIG C was untreated and served as control 
throughout. 
In making differential leucocyte counts 
the following cells were recognised:- 
1. Polyrnorphs. 
2. Lymphocytes. 
3. L.Mononuclear.s:included under this 
heading are the Vacuole cells com- 
prising the larger proportion or the 
large mononuclear cells. 
4. Coarsely granular Eosinophile cells. 
5. Mast Cells: under this heading are 
noted cells with exceedingly coarse 
granules of a violet tint which in 
appearance were indistinguishable 
from the Mast dells of human Blood. 
The following are the results of var_ toaui 
observations made in this connection. 
Before/ 
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Before treatment was conlri(3nced tbe folloT- 
inpr Blood Estimations were obtained:- 
Guinea Total Poly Lyn L.Mo Coarse YantP Opn. Ors. _ 
pig leucn rmh. rho nonr Eopino Ind. Ind. 
r.emm (:, c r-r' r: railer for for 
teP r Stpc. B. 
P.Aur. Coli. 
JAN. 31. Reforq treatment. 
A. 10800 570.2) 26 c/, i) '1) /. 7c 9.5 .57) 1.04 .83 
B. 12600 55r, 20( '' 80. 15 50 -5r 1.07 .80 
/.; 
./., , ,,,
C. 13400 05r 22i Pr 4.5% -2'CO3 1.00 1.00 
FEB.1 
Guineapig A. intraperitoneal inject. Bone Marrow Emulp 












30 6 80, 
, 
.90 1.5 
40 16,1.; .5(;.,, 1.09 1.4 
28(,) 3c,',) .56» 1.00 1.00 
FEB .5. 
Guineapi7 A. Intraperitoneal inject. Bone Marrow Emil 
B. Gland Emuln. 
tf C. untreated. 
FEB.7. 
A. 108°0 51 22cr 9 1.50 .90 1.10 
B. 9o00 47 27 lOcr 15r lc:, 1.10 .90 
C. 13600 560 28() 10( E .250 100 1'00 
FEB.8. 
Guineapig A. intraperiteneal inject. Bone Marrow Enul, 
13. Gland Emu l . 
C. untreated. 
FER.11. 
A. 12000 52; 25() 75 ) 15.5(;) 1.5 .96 1.04 
13. 9000 450 37,1) 5.50 1* .55 '88 1.08 
C. 12800 576 290, lOr 4r g-C f- 100 0/.. 1.00 
I f/ 
If we compare the last of these estimations 
with the first we find that in the case of Guineapig 
A.treated with injections of Bone marrow emulsion 
there is a slight increase in the total leucocyte 
count and of the different varieties of leucocytes it 
is the coarsely granular EosinoPhiles and Mast cells 
-which are most markedly increased the percentage of 
Polymiorphs being slightly diminished. 
In the caso of Guineani; B. treated with in- 
jections of Gland Emulsion there is a distinct fall 
in the total leucocyte count, apparently largely due 
to a marked diminution in the Polyrnorphs, whilst at 
the same time a very considerable increase in the per- 
centage of Lymphocytes has resulted. 
In the case of Guineapig C. which was un- 
treatrd throughout neither the total nor differential 
leucocyte counts show any material alterations. If 
we náw look at the opsonic indices Which were estima- 
ted for two separate organisms throughout, we find 
that these have shown considerable fluctuations at 
different times and the values expressed in the final 
estimations are somewhat indefinite as on the one 
hand, the Index for B.Coli is very considerably in- 
creased whereas, on the other hand the Index for 
Staphylococcus is slightly diminished. Here again, 
therefore, as in the case of the observations made 
with human Bloods the results of which have already 
been 
been ref erred to, no definite relationship can be 
demonstrated as existin_. bet-een the leucocyte 
counts, total or differentia:I aììrl the opsonic indiceE.. 
B. 
To nroduce if possibl-; in the Ouineapíg a 
serum having active lytic properties towards Rabbit's 
iet.tcocytes. In this connection it has been shown by 
Metchnikoff, Besredka and others that a Leucolytic 
serum caae be produced in a manner analogous to that 
employed in the production of Haemolytic sera. In 
this case, however, suspensions of Leucocytes are in- 
jected instead of the red Blood Corpuscles. For 
this p".rpose emulsions of bone marrow or Oland Emul- 
sion are usually injected in the manner in which 
t }1ese have been employed in the preceding Experiment. 
I have made two separate attempts to Pro - 
duce such a serum in the guineapig but without suc- 
cess; one of the guineapigs developing peritonitis as 
a result of the injections died: in the other al- 
though 6- separate injections had been given. no 
lytic action could be demonstrated. For this reason 
and as time was limited, this experiment had to be 
abandoned. 
It is a matter of regret that this endea- 
vour wan not attended with greater success as it was 
hoped,/ 
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hoped that some definite evidence might have been 
obtained regarding the possible leucolytic origin of 
opsonins by observing whether the phagocytic power of 
the serum was materially increased by the disintegra- 
tion of the leucocytes resulting from the action of 
a leucolytic serum. 
C. 
To develop in the guineapig a serum having 
definite immune Properties towards Staphylococcus 
Pyog.Aur. For the purpose of immunisation, two 
healthy guineapigs were selected. About 2 to 1 C.C. 
of a Staphylococcal Emulsion which had been previous- 
ly heated to 100° C. for 1 hour was injected intra- 
peritoneally at intervals of 3 days. In all 8 in- 
jections were given. The opsonic Indices were es- 
timated for Staphcoc. and B.Coli, normal human Serum 
serving as the control from which the other indices 
were calculated. The opsonic power in the case of 
immune sera was also estimated after heating to 600 




vha ocytic power obtained for normal untreated sorur.:. 
Throughout the Index for B.Coli was unaf- 
fected by the injections; in the case of the Indices 
for Staphylococcus, however, the following changes 
were observed. 
Before injections were commenced the in- 
dices were. 
Ciiineavig D. 1.25 
" E. 1.21 
The ir.dices for St euhcoc . after the various 
injections were as follows: - 
After 1st injection 
ruineavig D. 80 
E. 76 
After 3rd irjection 




After 5th injection 
D. unheated = 138 
E. - rr 1.65 -- 
heated - 1.; 
n =_ .31 
After 6th injection 
D. unheated - 1-40 heated 
E. " 1.50 ' .33 
After 8th injection 
D. unheated = 1-36 hea+,ed = 25 
E. " '70 " - 30 
After. the 7th injection, guineavig E. deve- 
loped a considerable degree of Ascites which in all 
probability/ 
probability accounts for the low index recorded after 
the 8th injection. No further injections were given 
but on two subse7uent, occasions. the following in- 
dices were recorded for Guineauig E. 
F days after the 8th injection 
E. unheated ec1 - 1.50 heated_ =.22 
12 days after the 8th injection 
E. unheated _ 64 heated =4O 
Guineaui , E still shows considerable Ascites. 
It will thus be seen that in the case of 
Guineapig D, although some increase in the ousonic 
index is recorded with the unheated serum, on the 
other hand. the uhagocytic power of heated serum de- 
pending on the presence of the true immune substance 
is not very great. 
In the case of Guineapig E. the index has 
apparently assumed a fluctuating character analogous 
to what is found in cases of Acute Tuberculosis. The 
proportion of true immune substance would, however, 
seem to be greater in this case than in the case of 
Guinean ig D. 
Taking everything into consideration, I did 
not feel justified in regarding either of these sera 
as really good examples of Irm tune Seriir.:, and so the 
observations/ 
observations which I intended carrying out, had the 
process of immunisation resulted in the production 
of a larger proportion of true immune substance, were 
abandoned. In themselves, however, these results 
are of some little interest, and as I shall have 
occasion to refer to one or two of them later, they 
have been included amo.rgst the other experiments. 
117. 
PART III. 
In which a description is given of a simple and rapid 
method of estimating the Opsonic Power of the blood 
in health and disease. 
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PART III. 
It is proposed to devote this section to a 
description of a simple and rapid method of estimat- 
ing the Phagccytic activity of different Bloods in 
health and disease. In what follows. this method 
will be referred to as the "Modified Method" or M.M. 
to distinguish it from the ordinary Method or 0.M. 
The Modified Method is in reality a modifi- 
cation of Leishman's original technique. In e few 
words, it consists in mixing together a definite 
quantity of Blood, Citrate Solution and Bacterial 
Emulsion, incubating the mixture for a definite time 
in a Capillary tube, subsequently spreading and 
staining the film in the ordinary way. By this pro - 
cdure a mixture of the Cellular elements of the 
blood.. plus a definite quantit3, of Bacteria suspended 
in a diluted blood plasma, is obtained. The addi- 
tion of the Sod.iu711 Citrate solution prevents clotting; 
entirely, and even in the small quantity of blood 
used there are far more than sufficient Leucocytes 
present for purposes cf enumeration. The method is 
n'iIck/ 
quick and at the same time simple. and much time and 
labour is saved. since it is elite unnecessary to 
collect and wash the corpuscles separately. In 
practice. all that is required in the form of appara- 
tats, i s a Capillary piPett.e. and this is readily ob- 
ta ined . by drawing cut, a piece of thin glass tubing; 
in the bunsen flame. The capillary Portion shouzld 
be at least 6 ins. long, and for the Purpose of 
measuring. a mark is Placed on this about lin. from 
the free; end. Instead of the rubber teat. a Piece 
of rubber tubing with mouthr)iece is attached to the 
wide end., and by this means the requisite amounts of 
blood etc.. are drawn '.p into the capillary Portion 
of the pivot +,e . This plan was adopted in preference 
to the rubber teat, as in measuring ,the quantities 
could be more easily contr.olled'in this way than by 
means of the teat. Blood is obtained from the fin- 
ger or ear in the ordinary way. Two volumes are 
drawn up into the capillary Portion of the pipette, 
the mark thereon serving to measure the volumes. and 
this is immediately followed by .2 volumes of a l; 
solution of Sod. Citrate. and 1 volume of a suspension 
of the Bacteria in i25 Sod.- Chloride solution, i.e.. 
the ordinary Bacterial emulsion. These ingredients 
are measured in the ordinary way, a small air bubble 
being,/ 
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being; introduced between each of the volumes. The 
whole is immediately blown out on a clean glass slab 
and thoroughly mixed by .reaspirating and blowing out 
several times. It is finally drawn up into the 
capillary Portion of the pipet`,e, the end of which 
is _ sealed in the flame. and the whole placed in the 
incubator at 37 
0 
q. for 15 minutes; at the expiry of 
which time the sealed end is cut, and the contents 
blown out on a clean glass slide, mixed, and spread 
in the ordinary Tay. The method of spreading with 
a cigarette paper already described. has subsoryuently 
been abandoned. and instead a thin cover glass sub - 
stituted for this Purpose. The film is fixed with 
heat and stained with Jenner's stain or Zoll Neilson 
in the case of the Tubercle Bacillus. 
As in the ordinary method, a control is don, 
in every case in exactly the same way with a normal 
blood, the degree of phagocytosis thus obtained being, 
taken as unity, and the index for the other blood 
cinder consideration calculated therefrom. Such is 
the Procodutre adopted in every case whore it is possi- 
ble to obtain the blood direct from the patient, and 
incubate it iu _.ediately. 
Where this is impossible, a sli ht modifi- 
cation is necessary. In this case the blood is drawn 
and,/ 
and inT,.i. tely mixed with Citrate Solution alone. 
i . , without the addition of the Bacterial Emulsion. 
It is then drawn up into the capillary pipette, and 
the end of this sealed. This mixture will not clot. 
and can therefore be }dent for as long as desired. 
It is desirable, however, that the final mixing with 
the Bacterial Emulsion should not be delayed longer 
than 2 or 3 hours. When it is convenient to do so, 
the sealed end of the Pipette is out and the contents 
blown out on a ?;lass slab, and again thoroughly mixer. 
A fresh pipette is taken, and 4 volumes of the mix- 
ture of Blood and Citrate Solution measured off in 
the ordinary way. and i volume of the Bacterial Emul- 
sion added; and the whole having been again thorough- 
ly mixed. is finally drawn up into the capillary por- 
tion of the pipette which is sealed, and placed in 
c 
the incubator at 37 " . for 15 minutes. When this 
procedure is adopted, the control blood should be 
collected at the same time. and in the sama way as 
that of the patient. The two are then marked and 
kept under the same conditions until it is convenient 
to mix with the Bacterial Emulsion immediately Prior 
to incubating. This precaution is necessary as ther 
is evidence - vide infra - that the keePin; results 
in a somewhat diminished phaóocyt.ic power. If, how - 
ever, / 
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however, the two bloods are kept for the same time 
and under the same conditions, the diminution is 
equal in each case, and the final result in no way 
altered. 
A number of observations have been made 
with Blood 'and Citrate mixtures kept for varying 
periods from a 4. hour to 3 hours, '.o which reference 
will be mate later - vide infra. 
Other observations have also been carried 
out to ascertain:- 
I. Whether or not the addition of a 1.5'-0 Sod..Citrate 
Solution to the serum tested in the ordinary way 
with washed leucocytes would materially affect 
there silt . 
H. A comparison of the results obtained with the 
ordinary method and with the Modified Method for 
the serum and Blood of the same individuals. 
III .The e ?fect on the resulting phagocytosis of keep- 
ing the Blood Citrate mixture for varying 
l erio1.s . 
IV. In addition a considerable number of bloods ob- 
tained/ 
obtained from apparently normal healthy indivi- 
duals have been examined by the 7iodified Metho1_ 
alone, to ascertain the normal range of varia- 
tion in the Oì sonic Index when estimated by this 
means. 
V. Also the Bloods of a number of Patients suffering 
from a 'crown Infective disease have been examin- 
ed by the Modified Method alone, to ascertain 
whether the variations in the Opsonic indices 
in these cases observed with the ordinary method 




The EFFECT of adding SOD. CITRATE SOL. to SERUM when 
tested by the Ordinary Method. 
For this purpose two sera were compared. 
(a) In the pure state. 
(b) Diluted with 1 volume Sol.Citrate Sol. 
1.50 
The following are the results:- 
Washed corpuscles 1 vol. 
Serum (control) 1 vol. 
Stpcoc. Erìuls. i vol. 
Washed Corpuscles 1 vol. 
Serum (control) 1 vol. 
Citrate Sol.1.5% i vol. 
Stpcoc. Era'ls. 1 vol. 
Washed Corpuscles 1 vol. 
Serum A 1 vol. 
Stapheoc . EImils . 1 vol. 
Washed Corpuscles 1 vol. 
Serum A. 
Citrate Sol. 1"4 1 vol. 
Staphcoc . EImils. 1 vol. 
Av.Na.Inpest- Index. 
ed cocci per 
leuc. 
5.8 1.00 
- 59 1.00 
- 6.7 1.15 
- 66 1.12 
In the above experiment two controls were 
necessary in. order to eliminate any difference resul- 
ting from the dilution. Thus, the index for Serum A 
in the untreated state is calculated from the control 
Serum/ 
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Serum also untreated, the index for Serum A treated 
with Sod. Citrate is calculated from the control 
Serum similarly treated. 
For all practical purposes, the two indices 
obtained for serum A,on the one hand untreated - 1.15 
and on the other hand, treated with Sod. Citrate 
1.12 , may be taken as equal. 
In the next experiment exactly the same 
procedure was adopted except that 2 vols. of Sod. 
Citrate Sol. 1.5% were added instead of 1 vol. as in 
the preceding experiment. 
RESULTS. 
Control Serum 
AV.NC .INGESTED COCCI 
PER LEIJC . 
INDEX. 
untreated. = 4'7 1.00 
Control Serum+ 
Sod.Cit.2 vols. = 3.8 1.00 
Serum B. 
untreated = 5.3 1.13 
Serum B. + 
Sod.Cit.2 vols. = 42 1l0 
Here again, the difference in the two Indi- 
ces for Serum B. is so slight that for all practical 
purposes these may be taken as equal. 
Both in the case of the Control Serum and 
Serum B. the ay.nö.ingested cocci per leucocyte is 
less/ 
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less with the treated sample than with the untreat- 
ed, a difference which is readily accounted for 
by the degree of dilution resulting from the 
addition of 2 Vols. of the citrate solution. 
These exueriments have been renestedly 
confirmed with practically identical res ults. 
T am, therefore, led to the conclusion that citrat- 
ed serum acts in exactly the same way as ordinary 





A comparison of the Indices obtained for 
Normal Serum by the ordinary Method, and for the 
whole Blood by the Modified Method. 
For this purpose, the Opsonic Indices for 
Staphcoc.Aur. or. T.B. (in two cases) of 12 apparently 
normal individuals were estimated on the one hand . by 
the ordinary Method, and on the other, by the modi- 
fied Method. The results are appended in Table I. 
TABLL I. 




1. Serum A. Staphcoc. Pvog.Aur. 100 1.01 
2. " B. " 1.27 1.15 
3. " C. " 114 10n 
4. " D. " 1.15 1.13 
5, II E. H 1.13 118 
6. " F. H 103 1.05 
7. " G. '' 1.01 1.03 
8. H H. 1.08 45 
9. H I. " 1.06 1.02 
10. J. 't 1-00 104 
11. 1t K. Tubercle r'acillt?s. .97 114 
12. " L. " 1.04 1.00 
Fr.on a comparison of these Indices, it will 
be seen that with the exception of No.8. and to a 
lesser extent No.11. the results obtained with the 
modified method are praetieall7 the same as those ob- 
tained with the ordinary method. In No.8. the diff- 
erence is so marked., that some technical error must 
have been introduced of sufficient magnitude to en- 
tirely vitiate the result. 
129. 
The effects of keeping Bloorl. citra +e mix- 
ture for varying periods. 
For this purpose one sample of blood was 
collected, mixed with citrate solution and Bacterial 
Emulsion and immediately incubated. Several other 
samples of blood were also collected and mixed with 
Citrate Solution alone. These were kept for vary - 
ing periods and subsequently tested with a suspension 
of Staphylococ, in the manner already described. 
In the case of the control blood., a similar procedure 
was adopted, the different samples being~ kept for ex- 
actly the same tine and ender the same conditions. 
The indices for the blood tested are in each ease 
calculated from the control mixture kept for a cor- 
responding period. 
The following observations have been made 







(control) collected, mixed and 
incubated immediately. 
7.3 = 1.00 
do Blood citrate mixture 
kept 1 hr. Bact. then 
added & incubated. 
4.2 = 1.00 
Blood A 'ollected mixed and 
incubated immediately. 
8.3 = 1.13 
do Blood citrate mixture 
kept 1 hr. Bact.then 
added & incubated. 
4.7 = 1.12 
From the average number of ingested cocci 
per leucocyte, it is seen that keeping the blood 
citrate mixture for 1 hour, results in a somewhat di- 
minished phagocytic power. This diminution is, 
however, so proportionate in the case of both the 
control blood and Blood A. that the resulting 
Index for Blood A., calculated from the control 
Blood kept for a corresponding time is practically 
unaffected. A considerable number of observations 
have been made in the same way with identical results 








incubated after 1 hr. 
immed. incubated 
incubated after 3 hrs. 
immed. incubated 









These results demonstrate that the Index 
of a blood when the citrate and blood mixture has 
been kept for varying Periods, is practically identi- 
cal with the Index cbtained when all the ingredients 
are mixed at the time of collecting and il. :I ediately 
incubated. It is necessary, however, that the Con- 
trol Blood,from which this Index is calculated, 
should be subjected to exactly the same treatment. 
and kept for a corresponding time. 
Regar:1.ing the extent to which the pha,ocy- 
t is power is reduced a few observations have been 
made with one and the same blood kert for varying 
perícd.s. Thus:- 
A. Sarfit)le 1 Collect.?: immed.l7îc?ib. 








In the next observation the Emule. of 
Stat >hcoc . was much thinner. and in consequence the 
Av. `To. Ingested Cocci per leuc. was considerab1r 
less; and here the difference observed in the case 




P. Sam-010 1 "ollnct .,S_imrr,od . incltb . 
If 2 Blood Cit, .:4ixt . knit 4- hr . - _t 
If 3 II If If 1 hr. 
j; It 4 I It II 11 1 hr. 
I 5 if I It II 14 hr s. 
If G n n n 2 hrs. 








As reflecting in some measure on the tech- 
nical accuracy of the modifier_i. metho.1 , the following 
two observations are given. 
Blood A. collocted and imcd iat ely incubated for 
10 mins . 
Av .nc . ingested cocci 1)ár leuc .- 10.1 
The Eaae blood collected at the same time 
and .i,nmediately incubated for 20 mins . 
Av .no . ingested cocci 1)er loue .= 23.2 
2. Blood A.+ 2 trols.of Cit.Sol. + Emulsion 
Same 
Blood + 1 Vol. of Cit.Sol. + do 




In the first of these observations the ef- 
fect of incubating for double the time, on the resul- 
t ing_ ha gocytosis is brought out in a striking manner. 
In the second the effect of diluting the 




of Citrate Sol., and on the other with only 1 vol., 
is shown in a striking manner by the resulting lago- 
cytosis . 
The following tables embody the results of 
a number of estimations of the 01psonie Indices of 
normal healthy individuals for different organisms. 




TABLE I. contains the results of 27 Indices for 
Staphcoc . Pyog . Aur . 
TABLE I. 














































































The average index for the 27 bloods is 1'06, 
the variations being from '74 to 1 °25. 
On reference to the table it will be seen 
that only i blood shows an Index below '90 namely 
No .17 in which an index of .74 is recorded. I t is 
thus evident that these results compare very favour- 
ably with those obtained by the ordinary method and 
;o wi.ich reference has been made in another place, 
the results of which were For 32 Bloods Average, 
1'06. Variations °84 to 1 °27. 
'ÍABLE II comprises the results obtained in 
the case of the Tuberculo- c.psonic indices of 12 nor- 
mal individuals. 
TABLE II. 






































Average for the 12 Bloods is 1.04 Varia- 
tions 99 1.14 
Results previorsly obtained with the ordin- 
ary method. 
Aver?c e for 9 Bloods 99 variations 70 to 
1.16 
The consistent nature and limited range of 
variation in the case of the 12 Indices estimated 
with the modified method is very apparent. 
TABLE III. comprises the results of 8 normal 
Indices for B.Coli. estimated by the Modified Method. 
TABLE III_. 



























Average Index for 8 Bloods 'F79 variations '92 
1'06. 
Results previously obtained with the ordin- 
ary method. 
Ave.ra ;e for 10 Bloods '96. variations '82 
to 1'?4. 
Here again the consistent nature and linited 
range of variation in the case of the 8 Indices 
estimated by the modified method is very apparent 
and contrasts very favourably with those previously 
obtained with the ordinary method. 
Adding all these results together we have 
indices for different .bloods. 
Average index of 47 Bloods 1'04. Variation 
'74 to 1'25. 
It is of particular interest that of the 
47 Bloods examined only i index was obtained below 
'90. 
Results previously obtained "'itch the ordin- 
ary method. 
Average for 62 Bloods '96. Variations '70 
1'27. 
In this case duite a largo proportion of 
the individual Indices were below '90. 
Tal.:en/ 
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Ta'en all over these results indicate that 
where the modified method is used in estimating the 
oPsonic indices of normal individuals the .r ;sluts 
thus obtained are quite as aeTarate as those obtain- 




Under this heading the Opsonic Indices of a 
number of patients suffering from a known infective 
disturbance have been estimated by the modified meth- 
od. With one exception, all of the 30 cases exam- 
ined were suffering from some variety of Tuberculosis 
In the case of the exception, no definite diagnosis 
had been arrived at; reference will, however, be made 
to this later. The 29 cases of undoubted Tuberculo- 
sis comprised all varieties of the disease, Acute and 
Chronic, Pulmonary, Abdominal, Genito -urinary and 
Spinal lesions, Joint affections and one case of 
Middle Ear disease. At the time of examination, all 
the patients were under treatment, either in the 
wards of the Royal Infirmary or at the Convalescent 
Home. 
In every ease, the mixture of Blood, Cit- 
rate Solution and Emulsion of T.B. was made at the 
bedside and immediately incubated. As the use of an 
Incubator in one of the wards was kindly granted, the 
time elapsing between the mixing and placing of pip- 
ette in the incubator was never more than 2 or 3 min- 
utes, and care was taken to allow the same interval 
to/ 
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to elapse with the Control blood, which in every case 
was that of the write-r. A detailed list, of the 
various cases examined, the nature of the Tubercular 
lesion and the tuberculo-opsonic index will be found 
in Table IV. The most acute cases in which consti- 






NO. NAME NATURE of TUBERCULAR LESIONS IND. 
I.Aunter Advanced Phthisis improving 
under treatment. 53 
2.Miller Advanced Phthisis acute active. 54 
3.Bruce Advanced Phthisis acute active. .66 
4.Tiffney Double apical Phthisis acute. 44 
5.Scott Chronic Tubercular ulceration 
of Bowels with Chronic Peri- .71 
tonitis, convalescent but 
still slight temperature. 
6.Beveridge Chronic Phthisis & subacute 









Tubercular glands in neck, 
abscess over sterno- 
clavicular joint,acute 
pyrexial attack - pneumonia? 
Phthisis and Empyema. 
Advanced acute phthisis. 






Phthisis, 8 weeks treatment, 
greatly improved, still has .74 
slight temperature. 
Genito- urinary tuberculosis, 
tubercular testicle excised. 55 
Chronic Pulmonary & Abdominal 
Tuberculosis - convalescent. 59 
14.Sutherland Advanced acute Phthisis. 56 
15.Campbell¡ 
142. 
TABLE IV. (contd.) 
T.B. 
OPSONIC 
NO. NAME NATURE of TUBERCULAR LESIONS IND. 
15.Camphell Early apical Phthisis. 59 
16.Lawson Early apical Phthisis. .61 
17.Aitchison Early apical Phthisis. .72 
18.Sutherland Tubercular wrist, 4 months 
duration, passive treatment. .79 
19.MCLeod Chronic Tubercular Middle Ear 
disease, operated on. 75 
20.Fawcett Tubercular abscesses in 
axilla and neck. .73 
21.McAteer Potts disease. 66 
22 . Newman .73 
23.Blades Tubercular dactylitis of toe, 
operated on, unhealthy wound. 86 
24.Drysdale Old Chronic fibroid Phthisis. 78 
25.Wishart Genito- urinary Tuberculosis. 73 





30 . Kelly 
Tubercular kidney also leg 
amputated for tubercle 8 
years ago. .72 
Old standing Phthisis. 69 
Intra -Cranial Tumour, Tubercle? .78 
Old standing Tubercle Empyema, 
discharging. .82 
143. 
A study of these results reveals in a stri- 
king manner, the consistently low tubereulo- opsonic 
index obtained for almost every variety of Tùbercvlar 
affection. These results are fully discussed in an- 
other. place (vide infra) an it is therefore not pro- 
posed to make any further reference to then here. 
PART IV. 
Which in devoted to a discussion of PARTS II. & III. 
and in which a theory is elaborated as a possible 
explanation of the process of phagocytosis. 
144. 
PART IV. 
It is here proposed to discuss in detail the various 
experiments embodied in PARTS II. & III. 
Tn the first series, estimations of the 
Opsonic Indices of 12, apparently healthy normal in- 
dividuals, for Staphcoc.Pyoc;.Aur. in conjunction with 
total and differential leucocyte counts were under- 
taken, in the hope that some constant parallelism 
might be demonstrated as existing between the normal 
variations in the Opsonic Indices and the number of 
one or other variety of leucocyte. The fact that 
these observations are negative and that a number of 
equally negative results in the case of analogous 
observations have been recorded by others, would 
seem to indicate that no such parallelism exists. 
Still, I do not think that the lack of proof in this 
direction necessarily excludes the possibility of 
opsonins being in reality leucocytic products as in 
observations of this kind many variable factors are 
unavoidably introduced, capable of very materially in- 
fluencing the restílts. Thus, for instance, where so 
many/ 
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many different procedures are involved, the range of 
experimental error must necessarily be of some magni- 
tude, and in addition, it is quite possible that dif- 
ferences in the secretory activity, if such in real- 
ity exists, of the cells of different individuals 
might account, to some extent, for variations in the 
results. On the other hand, a result, such as that 
obtained for Blood No.5., already referred to, is 
very suggestive as in this case, the opsonic index is 
apparently unaffected, although the percentage of 
polymorph and uninuclear leucocytes is practically 
reversed. Taking everything into consideration it 
is difficult to corne to any definite conclusion, but 
I cannot help thinking that observations on these 
lines are so complicated by the introduction of so 
many variable factors, that one is hardly justified 
in attaching much weight to the results obtained in 
this way. 
By the second series of Experiments proof 
is afforded that one Serum may show a comparatively 
low opsonic index for one organism and at the same 
time a comparatively high index for another organism. 
There are, I think, three possible explanations of 
this occurrence:- 
1. Experimental Error. 
2. A difference in the virulence 
of the various organisms. 
3. That the opsonins of normal 
serum are specific. 
The/ 
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The first of these, namely that of experi- 
mental error, cannot be entirely eliminated, but the 
fact that in some of the sera tested an index as low 
as .70 was obtained for one organism, and at the 
same time an index as high as 1'20 for another.or- 
ganism, would seem to suggest that some other factor 
must be at work. The range of experimental error in 
estimating the opsonic index is undoubtedly consider- 
able, but certainly not of sufficient magnitude to 
cause a difference of '50 in the' case of two separate 
estimations. Some of the minor differences might 
possibly meet with a sufficient Explanation on the 
grounds of experimental error, but I am convinced 
that this factor in itself, does not adequately ex- 
plain so marked a difference as that referred to 
above. 
The second of these suggested explanations 
can also, I think, be disposed of in so far as a 
difference in the virulence of the organisms would 
necessarily effect different bloods to the saine ex- 
tent. That is to say, where several bloods are com- 
pared with more than one variety of organism , and 
the same Bacterial Emulsions used in each case, one 
would expect all the bloods to show a proportion- 
ately low index for tat organism with the greater 
virulence. A reference, however, to the results ob- 
tained 
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obtained in this connection shows clearly that no 
such definite behaviour exists, but that the nigh or 
low indices occur quite indiscriminately with one 
variety of organism or another. The density of the 
different emulsions used is another factor relative 
to the Bacteria which might possibly influence the 
results,as this varied in each case from day to day. 
For want of adequate control this influence cannot, 
in the present case, be definitely excluded, but I 
hardly think it would suffice to entirely explain the 
differences in every case. This brings us to the 
third suggestion, namely, the question of the speci- 
ficity of the opsonins of normal serum. This ques- 
tion will be fully discussed in another place, and 
so it will only be necessary to state here, that 
there is sufficient evidence to justify the assinp- 
tion that a very considerable degree of specificity 
of opsonins does exist, a specificity which it will 
be evident would in itself entirely explain the vari- 
ations in the opsonic indices of one serum for dif- 
ferent organisms. It is almost certain that the 
other two factors must, to a lesser extent, influ- 
ence the results, but at the same time it is probable 
that the variations above referred to, are, in real- 




In the third series of observations, it 
will be seen that the variations in the Opsonic 
Indices of a number of healthy individuals are some- 
what greater than the majority of those on record, 
but taken all over, they bear out the general opini- 
on, that in health the opsonic index may vary from 
.80 to 1.20. 
The next series, namely those having re- 
ference to the effects of keeping sera under differ- 
ent conditions, were also undertaken with a view to 
obtaining some information on the question of the 
possible leucocytic origin of the opsonic content 
of the blood. Taken all over the results of these 
observations would seem to justify the assumption of 
some such origin. The results in themselves are of 
so definite and constant a character, that the ques- 
tion of experimental error can be safely excluded. 
That they are limited in number is admitted, but 
what they lack in quantity is, I think, to some ex- 
tent made up for in consistency. To refer to these 
results again, we find the following averages: - 
Average/ 
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of 13 sera kept separate from the 
Corpuscles 
of 6 sera kept in open capsules and 
thus exposed to Bacterial contamina- 
tion 
of. 5 sera kept separate from the cor- 
puscles. 
of the same sera incubated with fresh 






The conclusions which I have arrived at 
from a study of these results are - that when serum 
is kept even for prolonged periods, the presence of 
the corpuscular elements not only preserves the 
opsonic power of that serum, but would also seen to 
ín.creaso it to a slight extent: that the opsonic 
power of serum is very considerably diminished, 
when it is kept for :any length of tip!e separate from 
the corpuscles: that even when kept in contact v..rith 
the corpuscles Bacterial contamination results in a 
very considerable reduction in the opsonic power: 
that the opsonic power of a serum which has been 
kept separate from the corpuscles can be consider- 
ably increased by incubation with fresh washed cor- 
puscles for 24 hrs. and that the amount of this in- 
crease is probably considerably greater than would 
appear/ 
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apT ear from a consideration of the f i 7,ures for two 
reasons, namely:- that the addition of an equal vo- 
lume of fresh corpuscles suspended in saline solu- 
tion dilutes the actual onsonic content of the ori- 
ginal serum, and also because in these experiments 
adequate precautions were not taken to ensure that 
the washed corpuscles were entirely free from Bacte- 
rial contamination and so the addition of corpuscles 
so contaminated would necessarily reduce the opsonic 
content of the serum to a greater or lesser extent. 
Taking both these facts into consideration, it is 
likely that the actual increase is probably much 
greater than at first sight appears. 
All these results taken together suggest 
that the corprscular elements of the blood, must to 
some extent it least be concerned in the production 
of opsonin. 
The next series of experiments were under- 
taken on the assumption that the question of the 
specificity of the opsonins of normal serum had not 
been previously investigated. In the great majority 
of the literature on the subject of opsonins, no 
mention is made of this question, and the only re- 
corded results which I have been able to find, are 
those/ 
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these of Bulloch and vJestern on the one hand, and on 
the other, those of Simon, Lamar and Bispham; to both 
of which reference has already been made. In effect 
the observations of Bulloch & Western point to a to- 
tal and complete specificity of the opsonins of nor- 
mal serum. Those of Simon, Lamar. & Bispham, on the 
other hand, point to an entire absence of any such 
specificity. In another place several objections 
have been raised to the technique employed by Simon, 
Lamar & Bispham, but it must be admitted that these 
objections do not apply to the same extent in the 
case of the absorption experiments which were carried 
out in this connection. The results of my own ob- 
servations might be said to occupy ar intermediate 
position, in so far as the degree of specificity de- 
monstrated by these is in no way a complete and to- 
tal specificity, but at the same time the results are 
of a sufficiently definite and regular character to 
indicate clearly that at least a certain degree of 
specificity of the opsonine of normal serum does 
exist. If we now take the latter observations by 
themselves, we find that the opsonic power of a serum 
is considerably reduced for all organisms by diges- 
tion with one variety. In practically every case, 
however, the opsonic power of a serum so treated is 
lowered/ 
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- lowered to a very much greater extent for that orga- 
nism with which it was previously digested. Similar- 
ly, where a double emulsion is added to the mixture 
of washed corpuscles, and inactivated serum, one of 
the organisms constituting such an emulsion being 
the same variety as that with which the serum was 
inactivated, the leucocytes show a selective prefe- 
rence for that organism with which the serum was not 
previously treated: in other words the opsonic power 
of the serum is lowered to a greater extent for the 
organism with which it was previously inactivated. 
Here again, however, the specificity is in no way 
complete, the opsonic power for the other organism 
being at the same time very materially reduced. I 
have not seen any other experiments similar to the 
latter, i.e. in which a double emulsion was used, 
recorded, and so these are perhaps of some interest 
in so far as they confirm the results obtained by the 
other procedure. 
The Experiments carried out with the saline 
solution in which the opsonised Bacteria were washed 
are also of some interest, as showing that the Bac- 
teria when digested with serum, remove more of the 
opsonin than is actually required to prepare them 
for/ 
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for phagocytosis and that the excess can be recover- 
ed by washing the Bacteria so treated with normal 
saline solution. A similar result has been recorded 
by Dean. Whether the opsonin thus recovered has any 
degree of specificity for that organism from which it 
is obtained, is not definitely shown by the few ex- 
periments carried out in this connection. 
Regarding the various observations made 
with opsonised Bacteria, nothing further need be 
said here, as they were only carried out as controls 
to demonstrate that the Bacteria, had been in reality 
actively opsonised. 
The successful cultivation of opsonised 
Staphylococci is of some little interest as showing 
that combination with the substance preparing them 
for phagocytosis in no way diminishes their vitality, 
as is shown by the copious growth resulting in 24 hrs. 
The next series of experiments namely those 
carried out with animals, were without exception dis- 
appointing and much time was lost in consequence. 
Sufficient reference has already been made to these 




The next question which falls to be dis- 
cussed is that of the modified method of estimating 
the phagocytic power of the blood in health and di- 
sease. 
It has already been stated that this me- 
thod is, in effect, a simple modification of the 
original technique described by Leishman. By the 
addition of Sod.Citrate, clotting is entirely pre- 
vented, without apparently in any way modifying the 
various constituents of the Blood. The leucocytes 
are preser_vedin an active state and are sufficient- 
ly numerous in the resulting film to make counting 
a matter of the greatest ease. The simplicity of 
the process and the ease with which it can be carr- 
ied out, are advantages over the ordinary procedure 
which in themselves, are a matter of some import- 
ance. The saving of time is not, perhaps, so great 
as would at first sight appear, where a large num- 
ber of bloods have to be examined at one time, but 
when only one or two estimations have to be made 
the whole procedure can be readily carried out in 
the time required to merely collect the leucocytes 
when the older procedure is adopted. Taking into 
consideration all that has already been said - 
vide Part I. - regarding the laborious nature of the 
technique/ 
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technique involved, and the fact that in individual 
cases it is necessary to make repeated estimations 
of the opsonic index, in order that the best re- 
sults may be obtained, both from a diagnostic and 
therapeutic point of view, it will be evident that 
any modification of the existing methods whereby 
these processes may be simplified or time sved, 
even though only to a slight extent, becomes a mat- 
ter of no little importance. That such a result can 
be obtained by the adoption of some such modifica- 
tion as that already referred to, as the Modified 
Method, will be evident from a perusal of the des - 
cription given in another place and in actual prac- 
tice, the ease and rapidity with which the whole 
procedure can be carried out are very readily appre- 
ciated. The whole process is little, if at all, 
more laborious than an ordinary blood count, in- 
volving estimations of both the Red Blood Corpuscles 
and leucocytes and in practice, provided an Incubat- 
or is at hand, can be just as readily carried out. 
Other points will be referred to laser as raving a 
direct bearing on the adoption of this method. 
Meantime, however, it is proposed to discuss briefly 
the various experiments which have been carried out 
with a view to establishing the accuracy of the 
method. The most likely line of investigation sug- 
gested 
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suggested for this purpose, would seem to be a coin - 
parison of the results obtained by the modified me- 
thod with those obtained by the ordinary procedure 
for the same blood. In reality, however, such a com- 
parison though of considerable interest, does not 
necessarily furnish conclusive proof, provided a dif- 
ference in the results should exist, as to which of 
the two methods is, in effect, the more accurate, 
since it is admitted that the limit of experimental 
error, even with the ordinary method, is of some 
magnitude. For this reason, it would seem better 
in the first instance, to consider the two methods 
on their own individual merits. when this is done, 
it is at once evident that the two methods though 
presenting many points in common at the same time 
present sever,i1 very striking differences. Of the 
points in common, one might mention that with each 
procedure, the quantities of the various constituents 
arc accurately measured by the same means, the Bacte- 
rial Emulsions are the same, the mixing is conducted 
in the same way, the incubation is similar, the 
spreading and staining of the resulting films iden- 
tical, and in each case a similar control is carried 
out. From a practical standpoint, these points in 
common, comprise many of the possible sources of 
experimental/ 
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experimental error. Another possible source of expe- 
rimental error when the ordinary procedure is used, 
arises from the fact that when the serum to be exa- 
mined is separated from the clot by centrifugalisa- 
tion a slight degree of haemolysis not infrequently 
results, and also whilst in some cases the serum is 
found to be absolutely clear and transparent, in 
others it is cloudy and translucent. What the true 
significance of these differences really amounts to, 
has not, I think, been insrestigated as they crop up 
sporadically, and cannot be anticipated nor can any 
explanation, as a rule, be gfvnn for their occur- 
rence. There would seem to be little possibility of 
experimental error associated with the washed cor- 
puscles, as these are generally accepted to be quite 
an indifferent factor, still it is, I think, possible 
that the amount of centrifugalisatïon to which they 
are, of necessity, subjected, may to some extent at 
least, impair their activity. 
When the modified method is adopted these 
possible sources of error are eliminated, and the 
only other source of fallacy is to be found in the 
presence of sodium Citrate in the resulting mixture 
possibly influencing the results. On analysis, the 
constituents/ 
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constituents of the final mixtures in the case of 
the two methods are approximately as follows: - 
ORDINARY ME TH O D. 
MODIFIED I`7THOD . 
Corpuscles & Bacteria suspend- 
ed in Blood Serum diluted 
with saline solution. 
Corpuscles & Bacteria suspend- 
ed in Blood Plasma diluted 
with saline and Sod.Citrate 
Solution. 
It will thus be seen that so far as the 
accuracy of the two methods is concerned, the only 
other point for consideration is the possible influ- 
ence of the Sod.Citrate on the resulting phagocytosis 
and this is, perhaps of less moment than would at 
first sight appear, since in estimating the opsonic 
index of a blood, the control is subjected to exactly 
the same influence. However, with the object of eli- 
minating this objection, a number of observations 
were made, in which sera were tested on the one hand 
without the addition of Sod.- Citrate, and on the 
other hand with this addition. The results of two 
typical experiments have been given in detail in 
another place, in which the indices obtained were:- 
1. Untreated Serum 
Citrated Serum 








As these results have been fresumtly con- 
firmed, there can be little doubt that the influence 
of the Sod.Citrate on the resulting phagocytosis when 
the Modified Method is employed may be entirely eli- 
minated for all practical purposes. 
That some degree of clotting may take place 
during incubation is an objection which one might per- 
haps anticipate: in actual practice, however, it does 
not exist, and in no case have I ever observed the 
slightest evidence of clotting when the mixture was 
finally blown out on the slide prior to spreading the 
film. 
Having, there ore, disposed of these objec- 
tions, no other, so far as I can see, can be applied 
to the Modified Method which is not equally appli- 
cable in the case of the ordinary procedure. So much 
for a comparison of the two methods on their ind. vi- 
dual merits, other points will be referred to later, 
but, meantime, it is proposed to discuss the results 
obtained for the same blood by the two methods. From 
what has already been said it will follow that where 
a difference to any considerable extent in the results 
obtained by the two methods exists, the reason for 
such difference cannot be ascribed to a technical 
difference, but rather must an explanation be sought 
for in some other direction. A consideration of the 
results/ 
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results obtained for the same blood by both methods 
brings out the following points. 
1. In the great majority of the cases the results 
correspond almost exactly. 
2. In only two of the twelve cases is there any ma- 
terial difference; in the one only slight, in 
the other, however, very marked. 
Of the cases which show corresponding re- 
sults nothing need be said; the fact that the results 
obtained with two different procedures are so closely 
related, is in itself a strong argument in favour of 
the accuracy of both methods. Of the two indices in 
which there is a material difference, ore is for 
Staphlcoc.Pyog.Aur. the other for T.R. In the former 
an index of 1.08 is recorded by the Ordinary Method, 
and only 45 by the Modified Method. In the latter 
an index of 97 by the Ordinary and 1.14 by the Modi- 
fied Method. 
As has already been stated the difference 
in the first case cannot be explained in any other 
way than by the introduction in this particular esti- 
mation of some experimental inaccuracy of sufficient 
magnitude, to entirely vitiate the result. What this 
inaccuracy may have been, I cannot, of course, say, 
but 
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but I am inclined to think that the pipette in which 
this particular mixture was incubated, must have been 
inadvertently removed from the incubator much sooner. 
than it ought to have been. If we now take the se- 
cond case, we find that the difference here is not 
of very great magnitude, being in reality only '17, 
a difference which comes quite within the limits of 
normal variation and almost within the limits of ex- 
perimental error. Whether the difference is actually 
due to either of these causes, or to another, namely 
a difference in the individual leucocytes cannot be 
definitely stated. This is a question which will 
have to be discussed, but as several of the observa- 
tions yet to be referred to, have a direct bearing 
on the subject, it will perhaps be better to postpone 
this discussion until each of these observations have 
been individually referred to. The next question 
which falls to be discussed, is one of some import- 
ance, because in many cases where it is desired to 
estimate the Opsonic Index, it is quite impossible 
to incubate the mixture immediately it is obtained 
from the patient. For this reason it is necessary 
to adopt some modified procedure whereby this diffi- 
culty can be circumvented. For this purpose, an 
equal volume of citrate solution alone is added to 
the blood on withdrawal, and these are immediately 
thoroughly/ 
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thoroughly mixed in the ordinary way and drawn up 
into the pipette which is at once sealed and the mix- 
ture kept until it is convenient to make the final 
mixture with Bacteria. A series of observations to 
determine the accuracy of this procedure were carried 
out, the results of which have already been recorded. 
From the first it was evident that the keeping in 
this manner, in most cases, resulted in a somewhat 
diminished phagocytic activity, and it was therefore 
necessary that the control blood from which it was 
proposed to calculate the Index, should be withdrawn 
at the same time, and subjected to exactly the same 
conditions until the final mixture of Bacteria could 
be conveniently made. If this be done, the resulting 
Index is in no way influenced by the length of time 
the blood citrate mixture is kept, but is practically 
identical with the index obtained for the same blood 
where the Bacterial emulsion was added at the time of 
withdrawal, and the mixture immediately incubated. 
Other results already recorded showing the 
extent to which the phagocytic power is reduced by 
keeping for different periods, bring out a point of 
some little interest, namely, that this reduction is 
almost nil when the emulsion employed is a compara- 
tively thin one, only yielding m average o.f. about 2 
ingested cocci per leucocyte; if on the other hand 
a denser/ 
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denser emulsion is employed, so that the resulting 
phagocytosis will show an average of about 6 or 8 
ingested cocci per leucocyte, the reduction result- 
ing from keening the blood citrate mixture is of 
greater magnitude. Two possible explanations of 
this occurrence are suggested. 
1. That , as a result of the keering a quant a- 
tive . or more likely a qualitative change 
in the opsonic content takes glace, so 
that only a smaller nuriher of individual 
Bacteria can be opsonise", and thus where 
a dense emulsion is enployed, a proportion 
of the Bacteria will remain unopsonised 
whereas, if a thinner errl ̂ion is er^rloyed 
all the Bacteria will be individually 
opsoniseq . 
0 That, as a result of the keepinrr, , the anti- , 
vity of the leucocytes becomes dininis1 ?ed, 
so that when a dense envision is employe(' 
they are only capable of phavocytinP con- 
siderably fewer Bacteria than when freshly 
drawn from the general c irculat ion : on the 
other hand, when a thin emulsion in em- 
ployed so that only an average of about 
Bacteria/ 
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Bacteria per leucocyte have to be phago- 
cyted, the leucocytes are still suffi- 
ciently active to carry out this lesser 
task completely. 
Either of these suggestions would, I think, 
satisfactorily explain this phenomenon, but the ob- 
servations in this connection are too limited to per- 
mit of any definite opinion being stated. 
Other two observations have beer recorded 
as having some bearing on the accuracy of the method, 
but these have already been sufficiently referred to 
in another place. 
From these preliminary experiments it may, 
I think, be inferred that for all practical purposes 
the one method is as accurate as the other. 
Having, so to speak, cleared the ground by 
these preliminary observations, we are now in a posi- 
tion to consider the results which have been obtained 
in the case of a considerable number of normal and 
abnormal opsonic indices when these have been esti- 
mated by the modified method. The results of the 
normal indices have already been referred to in de- 
tail, and little further need be added here. That 
they/ 
165. 
they compare very favourably as far as regularity and 
consistency are concerned with the results recorded 
by other observers is apparent,since of the 47 Normal 
Indices estimated, only one is under .90, namely that 
of .74 for Staphylococcus Pyog.Aur. This low index 
I am inclined to regard as indicative of a lowered 
power of resistance to the Staphylococus amounting to 
the abnormal. The blood in this instance wan ob- 
tained from a medical student, and it was not observ- 
ed at the time that there was any evidence of Staphy- 
lococcal infection. Still it is quite possible that 
such may have existed without attracting attention, 
but no definite information was obtained on this 
point at the time, as the result was not anticipated, 
and I have not again had an opportunity of interview- 
ing the student in question. 
That even mild forms of Staphylococcal in- 
fection. may result in a lowering of the Opsonic Index_ 
for that organism, I have little doubt, in fact, through- 
out the whole course of this work,I have had a strik- 
ing demonstration that such is the case, as my own In- 
dex for Staphylococcus, when compared with the great ma- 
jority of the other Bloods examined for that organism 
is/ 
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is distinctly a low index. This low index I cannot 
help associating with the fact, that I almost con - 
stantly suffer from small boils on the neck, which 
must,I think imply a lowered power of resistance on 
my part. to Staphylococcal Infection. If one con- 
siders the frequent occurrence of this condition in 
men, it is not to be wondered at that, in the case of 
the Opsonic Indices of a number of apparently normal 
men for Staphylococcus Pyog.Aur., the limits of vari- 
ation are somewhat neater than for other organisms. 
A reference to the results recorded bears out this 
statement, for it will be seen that whereas with B. 
Coli. and T.B. the entire r.anp-e of variation is .22 
with Staphylococcus, on the other hand, even if the 
abnormally low index of 74 is excluded, the total 
range of variation is 35. 
So much for the normal Opsonic Index, as 
estimated by the modified method. The next point 
which we have to consider has reference to the behav- 
iour of the Opsonic Index, estimated in the same way, 
but in abnormal conditions. In this connection the 
bloods of 30 patients suffering from various forms of 
Tuberculous Infection have been examined. The cases 
were not selected, but taken quite indiscriminately. 
and comprise all degrees from the most acute and ac- 
tive to the most circumscribed and Chronic varieties 
of/ 
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of the disease. The indices and a short account of 
each case have already been recorded in tabular form, 
in the order in which they were examined. Of the 30 
cases, the first 14 were patients under treatment in 
the wards of the Royal Infirmary, the remainder were 
patients at the Convalescent Home, Corstorphine. In 
no case had tuberctC in treatment been resorted to. 
Of the 14 cases in the Royal Infirmary, 9 
were very definitely acute and active, and accom- 
panied by pyrexia, and marked constitutional distur- 
bance; 5 were less acute, and in only 2 of these was 
there any pyrexia. Of the 16 canes at the Convales- 
cent Home, with the exception of general debility and 
weakness, in a few cases only, none presented any 
constitutional disturbance. The tuterculo- opsonic 
indices of the first 14 cases.have been arranged be- 
low in two columns according to the acuteness of the 
disease, the numbers in the left hand columns corres- 








2. _ .54 
3. -- .66 
4. - .44 
7. -- .58 




5. - 71 
6. - .67 
11. _ .74 
12. _ .55 
13. _ .59 
9. - .56 AVERAGE 
10. .45 FOR 
14. .56 5 CASES - .65 
AVERAGE 
FOR 
9 CASES = .54 
It/ 
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It is not proposed to again give the in- 
dices of the convalescent patients in detail as it 
will only be necessary to refer to one or two of 
there individually. 
The average index for the 16 cases, it will 
be found on reference to the original table is 73. 
It will thus be seen that according to 
Wright's classification of Tuberculous Infections, 
at least 9 cases, if not 12, belong to the acute 
class with constitutional disturbance. If we now 
consider the opsonic indices of the 9 cases which must 
undoubtedly be included in this class we find. that 
they are in striking contrast to the indices record- 
ed by others for similar cases. For the sake of 
comparison some of the indices recorded by other ob- 
servers are again submitted. 
WRIGHT 25 cases to show the effect of heat 
on the serum of tuberculous cases. 
Por the unheated sera the lowest in- 
dex - 1.00, the highe ̂ t being 1.80. 
ROSS 100 cases taken indiscriminately, of 
these only llgo below .80. 
URWICK 54 cases all varieties, only 13 below 
80. 
GRACE CALVERT Early and acute cases show high and 
low/ 
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low indices indiscrimately. 
It may be stated that the lame majority 
of t }1e cases in which a high index was recorded by 
these authors were acute and accompanied by con- 
stitutional disturbance. 
It would therefore appear that whore the 
ordinary method is employed, the tuberculo- opsonié 
indices in acute cases of Tuberculosis are in the 
great majority of cases high, and that a low index 
is be regarded as the exception. whereas a low 
index is consistently obtained when the modified 
method is employed., at least. so far as the number 
of such cases already examined are concerned. 
Of the remaining 21 cases of tuberculous 
Infection which I have examined, a low index has 
been recorded by the modified method in every one 
without exception and of these, only two show an in- 
dex above 80. it is not Proposed to discuss each 
case individually, but rather to refer briefly in 
the first instance to the two cases with indices 
above 80, and in the second place. to compare the 
results as a whole, with those obtained for the 
acute cases. 
The two cases in which the indices were 
above/ 
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above .80 are - vide table IV Page 141. 
Case 21 Index - 86. Caso 30 Index = .82. 
CASE 21 - Index 86. was that of a man who had his 
great tee and the -lead of the first 
metatarsal am7)îitted for Tubercular 
Dactvlitis 5 weeks previous to examina- 
tion. The wound had been somewhat un- 
healthy, but at the time when the tuber - 
ciilo- o,sonic index was estimated had 
almost healed. The man was not narti- 
cularly robust but there was no evirlenco 
of ulmonary or other Tuberculosis. 
In this case, an index of 86 
is not, I think, contrary to what one 
might reasonably have anticipated. 
CASE 30 - Index 82 was that of a child aged 5 or 6 
years. with old standing Emp-; erma .. Two 
operations had been performed, the 
latter consisting in the removal of por- 
tions of 2 ribs, and the abscess cavity 
had, as a result almost closed. It 
was still being drained by a small tube, 
but very little discharge was coming 
away. In ether respects the child was 
remarkably well nourished and healthy 
and,/ 
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and there was no evidence of other 
tubercular mischief. 
In this case, it is, I think, 
probable that a lower index would have 
been obtained had the blood been examin- 
ed at an earlier stage in the course of 
the disease f ndthat the index cf 82 is 
in reality the result of a gradual 
increase in the tuberculo- oPsonic con- 
tent of the blood coincident with the 
steady progress towards recovery. 
There is one other case which might be 
referred to separately - namely 
CASE 2 - Index 78, that of a girl aged. 16 yrs. in 
which a diagnosis of Intra- cranial tumour 
had been arrivec9. at. The symptoms in 
this case were very indefinite: paraly- 
sis was largely confined to the eye 
muscles and especially the external 
Rectus, but peresis of other ocular 
muscles also existed to a lesser extent. 
There was marked headache and some 
giddiness but no vomiting nor optic neuri- 
tis. 
No definite opinion harf been 
expressed./ 
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ex-pressed by tliose in charge cf the case 
regarding the i;ossible sit7lation end 
natIlre cf the tqmour. Ta--Iing into 
consideration, however, trle age of the 
Patient anri the indefinite nature cf the 
symptoms the tcssibi14t7 cf tubercular 
ralsch.ief is not.T il77.rabable an1 
it is therefcre cf secial Interest 
that a tlberc13.1c-csonc index .78 
should have been reccrded in thi case. 
The after histcry cf this case 7111 alane 
show whether this index is an ac-rarate 
one. and it is therefcre im-(.cssible to 
exress any t"her oDinien at Iresent. 
If we ncT car e the indices cf the 21 
er less (1'.(rc n! cr le 1i1 the 
ebtained 1-cr the Je-finite17 acute cases it 7t11 
be seen that a distin-:tly higher index is obta'ned 
with the reere chrenic cases. Of the a-:..te eases 
only 2. shoT an 17.-/ on tne other 
hand only Z cf :ere nx 171.c. 17r 
n1 of th; e Z. at least t7o, for the absenc-e r' 
:ight be inci,:ded in the ferir class 
174. 
CASE 12 - Index 55 was that cf a man with advanced 
Genito-urinary tuberculosis. One of 
his testicles had been excised some tine 
previously for tubercular disease, and 
he was, at the time when his blood was 
examined, extremely wear: and emaciated. 
CASE 13 - Index 59 was that of a woman suffering 
from both Pulmonary and Abdominal Tuber- 
culosis. She had been under treatment 
for some wee }:.s and the temperature had 
subsided. 
Taking the 30 Indices as a whole, they 
might be said to diminish in a fairly constant manner 
according to the severity and acuteness of the 
disease. In conjunction with the 12 normal tuber- 
culo- opsonic indices in which the variations were 
from .99 to 1.14 these. results as a whole are, I 
thine, rema.r1zable for their consistency and in 
strip ;ing contrast to the wide range of fluctuation 
observed in the indices of Tuberculous patients, 
and especially in acute cases where the ordinary 
method is employed. It is admitted that the obser- 
vations in the case of the modified method are 
limited, but unfo.rtunatelythia ,particular line cf 
investigation/ 
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investigation was only commenced quite recently and 
it has therefore been impossible to accumulate a 
.larger number of results for inclusion in this work. 
In so far, however, as the results already accumu- 
lated are of a remarkably definite and consistent 
character it is. perhaps, justifiable to attempt to 
explain them on the assumption that they will meet 
with confirmation as a result of more extended ob- 
servation. In what follows, I have built largely 
on this assumption, and it is. therefore. only fair 
that this should be clearly understood from the very 
first as it is quite possible that further investi- 
gation may not entirely bear out the results already 
obtained. 
In seeking a satisfactory explanation cf 
the difference in the tuberculo- opscnic indices 
dependent on the nature of the method employed, we 
must necessarily, in the first instance, consider 
the two methods themselves. This has already been 
done in another Place and the conclusion then arrived 
at as a result cf experimental evidence was to the 
effect that the individual methods were equally 
accurate so far as the technique of the two Proce- 
dures was concerned and that any difference in the 
results / 
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results obtained was therefore to be sought for in 
some other direction. If this be rione it is found 
that one difference. which is in effect the vital 
difference in. the two methods still remains - 
namely - the nature of the leucocytes employed. 
In the case of the ordinary method these 
are uniformly obtained frem a common source: in the 
case of the modified method they are in each estima- 
tion the native leucocytes of the blood under consi- 
deration. 
As all other differences are of a vastly 
subordinate nature, one is therefore, I think . 
justified in ascribing; to this fact the difference 
which would seem to exist in the results obtained by 
the two methods. This brings us at once to the all 
important rptestion of whether or not the leucocyte 
is 'inreality the indifferent factor in phagocytosis 
which, on practically every hand, it is stated to be. 
Recognising that it would be apparently 
impossible to explain the different results obtain- 
ed by the two methods otherwise than by a difference 
in the nature of the leucocyte employed, I have 
revised the experimental evidence on record, rela- 
tive to this question. and as a result, I find that 
it/ 
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it is not perhaps so conclusive as general opinion 
would seem to indicate. Briefly it is as follows - 
The exT erir_nents on which this opinion 
would seem to be based were first described by 
Wright and Douglas and subsequently the results 
obtained by these authors were confirmed by Balloch 
and Aitken but apart from these two sources I have 
not been able to find_ any other recorded experiments 
of a confirmatory nature. It would thus seem that 
the opinion arrived at by Wright and Douglas and 
confirmed by Bulloch and Ait :on has boon accepted 
on every hand at least in this country, as one of 
these established facts which it is unnecessary to 
call in question. On the continent, however, it 
has not met with the same acceptance but is in direct 
contradiction to the opinion of the entire Metchni- 
koff school. Nor is the experimental evidence on 
which this opinion is based in any way conclusive. 
In a few cases where the leucocytes and serum were 
in each case obtained from a normal source the 
results were in no way altered by an interchange cf 
leucocytes, on the other hand, however, 'where one of 
the bloods under consideration was that of an indivi- 
dual suffering from a definite Bacterial Infection a 
similar/ 
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similar result was not in every case obtained. To 
bring this out clearly, I shall quote the experiment 
of Wright and Douglas which has appeared in more 
than one publication in smport of the opinion that 
the leucocyte is an entirely indifferent factor. 
In this experiment the patient's bicod is that of 
an individual suffering from a definite Tubercular 




Emulsion of T.E. . 
Av.no. ingested 
Bacilli per leuc. 
for 36 leu.cs. 66 
A.(2) 
A .E . 7's corx>uscles 
A . E .W' S serum for 32 leucs. 7.1 
Emulsion of T .B . 
B.(1) 
Patient's co.rrn.tscles 
A . E . W' s serum for 31 louts. 2.1 
Emulsion of T.B. 
B.(2) 
A . E . 7' s corPuscles 
Patient's serum for 30 lutes. 1.3 
Emulsion of T .B . 
'right's/ 
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Wright's criticism is here quoted - 
"It will be seen that the phagocytic effect obtain - 
"ed with the patient's white corpuscles (in A.1.) 
"was (in B.1.) increased more than 3 fold in conse- 
"quence of the replacement of their native serum by 
"that of the control blood. The Dhagocytic effect 
"obtained with the white cor uscles of the control 
"blood (in A.2.) was (in B.2.) diminished in an al- 
umost corresponding rie gree (approximately about two 
"and a half times) by the .replacement of their native 
"serum by that of the Patient." 
So far as Wright's analysis cf the above 
experiment goes, no fault can be found with it, but 
at the same time it might, I think, have been 
carried a little further. If vire do this now. tak- 
ing the figures as they stand.then it must also be 
admitted that the substitution of A.E.'"T's corpuscles 
for those of the Patient, increases the phagocytic 
power of the Patient's serum from 66 per leucocyte 
to 1.3 per :Leucocyte. in other words, the phagocytic 
Power is exactly doubled. That the difference in 
the actual figures in the experiment does not. 
perhaps, appear very great, is due to the fact that 
the/ 
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the average number of ingested Bacteria Per.lo uc. 
is small even in the case of normal serum: had, 
however, a denser emulsion been used this difference 
i culd probably have been a great deal more evident. 
Still. the important fact from our present point of 
view, is this; that the substitution of normal 
leucocytes for the abnormal,doubles the phagocytic 
power of the abnormal serum. This difference is 
brought out in an even more striking manner if, from 
the above figures. the tuberculo- opsonic index of 
the Patient's serum is calculated. 
In doing this. the index for A.l. is cal - 
culated from A .2 . which is taken as unity. The 
. index for B.2. is calculated from B.1. wwThich is 
taken as unity. The foilcwin ; are the two indices 
for the patient's serum. 
1. When the patient's serr-a is tested 
with patient's leucocytes - Index 21. 
2. When the. patient's serum is tested 
Trrith normal leucocytes - Index 61. 
That this difference is a striking cne,is at once 
manifest and the experiment therefore, taking every- 
thing into consideration, so far from proving conclu- 
sively that the leucocyte is an indifferent factor 
mig }at rather, it seems to me, indicate that the leu- 
cocyte/ 
leucccytP is PerhaPs a.lmost as ir_,Portant a factor as 
the serum. 
In another experiment published by the same 
authors, the following; results were obtained. In 
this case, the Patient was suffering from a chronic 
Stat?hylococcal infection, and his o>>sonic index for 
that organism had been increased from less than half 
the normal to almost double the normal, by the thera- 
peutic inoculations of a St.ap ylococcal Vaccine. 
A 
( 2 
) A'T.NO.INrTEs^ED INDEX 
COr;',"I PER LEU-1. 
Patient's Serum 
Patient's Leucs. 
Suspension of Stat,-_coc . 
A `2) 
25,7 1.7 
N o rr.a l Saturn 
Normal Leucs. 13 1'00 




Patient's Leucs. 13 1.00 




Susrension of Staphcoc . 
28.2 2.17 
Here main it will be seen that the substi- 
tution of normal ?or the abnormal leucocytes increases 
the/ 
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the phagocyt is grower of the abnormal blood from 25'7 
per leur. to 28.2 per leue . The difference in this 
case is not Pe.rhaos so marked as in the previous ex- 
periment, but at the same time, one must take into 
consideration that, in this case the abnormal blood 
had been very considerably altered by the inocula- 
tions of aonropriate vaccines, with the result that 
a condition of successful immunisation had boon to a 
certain extent established, and as we shall see later 
in the case of a blood of this description, the 
source of the leucocytes does not so materially in- 
fluence the ohao :ocytic pc7er es in the case of an 
abnormal 'hood , in which no such condition of im- 
munisation has been produced. 
We must now turn to a consideration of the 
results obtained by Bniloch, and Aitken in experi- 
ments conducted on somewhat different lines to those 
of Wric;ht and.. Dou <las. In this case, the plan 
adopted consisted in testing one and the same serum 
with a variety of different samples of leucocytes 
subsenuent ly testing the different sera with one and 
the same sample of leucocytes. A number of normal 
bloods were examined in this way , the results of 
which point conclusively to the indifference of the 
leucocyte. In another series, the bloods of three 
183. 
Lupus patients were examined in the same way, with 
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At first sight, these results would seem to 
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prove very conclusively .that the leucocyte is an in- 
different factor, If, however, the series is sub- 
jected to a more careful analysis, it is at once evi- 
dent that it is incomplete in so .far as the pha?;o- 
cytic Power pf a Lilpiis serum has, in no case been es- 
timated in conjunction '"pith the leucocytes cf the 
same Luuus blood which, it will be shown later is 
just the combination one would expect to show a 
difference. T ii ink; both the results of ''Tri?ht and 
Douglas, and Bulloch and Aitl :en together, it must be 
admitted that they are somewhat limited only compris - 
ing as they do, Normal bloods - a few Tubercular 
cases with uniformly low tuberculo- opsonic indices in 
some of which the observations are at best , incom- 
plete, and one case in which a condition of success - 
fixl immunisation had been established towards Staphy- 
lococcus Pyog.Aur. No results are recorded in the 
case of Acute Tuberculous infections with fluctuating 
or uniformly high tub:erculo- opsonic indices . Takin 
everything into consideration, I cannot think that 
these cxPeriments conclusively settle the question of 
whether the leucocyte is in reality an indifferent 
factor or not, and in the case cf at least one of the 
experiments recorded by Wright and Doufr;las, there is 
as,/ 
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as much evidence against this conclusion. as there is 
in favour of it. For these reasons, therefore. and 
taY ;ing into account the striking; difference in the 
tuberc"lo- opsonic indices obtained by the two methods 
already referr. e to, I cannot but conclude that the 
leucocyte is in all probability by no means the in- 
different factor it is usually represented to be. 
That the roto of the leucocyte may have a 
direct bearing on the differences in the tuberculo- 
opsonic indices of the 30 Tube_reulous cases, which I 
have estimated by the Modified Method, as compared 
with the indices of similar cases recorded by othe.re. 
and estimated by the ordinary procedure must be at 
once apparent, and I have little doubt in my own mind 
that the leucocytes are in effect, the true causo of 
this striAing difference. 
The question of which index is the more 
accurate rep.resentation of the phagocytic po-rer of 
the blood, must next be considered. Before it will 
be possible to answer this question satisfactorily, 
it will be necessary to accumulate much more experi- 
mental evidence than is at present recorded, but at 
the same time, in so far as much of this evidence 
would seem to point in one direction, it is, I thin-: 
P0551ó1 e 
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possible to at least suggest an answer, largely, I 
admit based on the assumption that .further observa- 
tion will confirrm the results already recorded, but 
at the same time one which would seer_ to satisfac- 
torily sxtlain the large rna j or_ ity, if not all of the 
established facts, relative to the Process of 1)ha? o- 
cytosis. In attempting to answer this question 
satisfactorily, I have been led to formulate a theory 
regarding the possible nature of pha ;ocytic action. 
In formulating this theory, the following 
fundamental Principles have been taken into consider- 
ation. 
A. That Haemolytic and Ba teriolytic and Probably 
also Bactericidal uronerties. of Serum are due 
to the action of two distinct elements - namely 
(i) A thermolabile element known as "Com- 
plement" or "Addiment" or "Ale:xin" . 
(2) A thermostable element known as "Imnunt 
boc-17" or "AmbocePtor" or "fixateur" 
or "Ia substance sensibilisatrice ". 
B. According to Metchnikoff, these elements (1) and 
(2) are the Products of an intracell'ular se- 
cretion on the part of the ?;hap;oaytes. They 
are essentially intracellular, and only set 
free by disintegration of the cells, this 
Process / 
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process being called o 1agelysis . As a result 
of re ent discoveries, i letchni--off has, how_ 
ever been forced to a emit that where a condi- 
tion of Imrr.lity is established "fixateur" 
i.e.imT ne body may be liberatoll without the 
occurrence of pha? :olysis, and may therefore be 
found free in the Blood Serum. Also that 
when a condition of in unity is established, 
the fixateur (imm,Une bony) bey, cres greatly in- 
creased within the call, either at the expene 
of, or without affecting the alexin (comple- 
ment). ? fetchnioff, however, still affirms 
that "<< lexin" i.e. Complement is only set free 
as a result of pha;olysis . 
C. According to Ehrlich, both these elements, im- 
mune body and complement, are found free in the. 
blood serum. They are probably of cellular 
origin, and closely allied to similar elements 
concerned in the . ordinary processes of meta- 
bolism. That Complement is a normal con- 
stituent of all sera, and Immune body is de- 
veloped in process of imunisation, and gradu- 
ally increases at the expense of the complement. 
D. That both Immune body and complement can exist 
side by sirle in the serum without combining. 
E 
188. 
That either complement or inhï'lC body is capable 
of combining with the Bacterium or red blood 
corvtscle as the case may be, but that the pre- 
sence of all three elements is necessary for 
the production of the specific effect. namely 
in the one case, Baeteriolysis. and in the 
other Haemolysis. 
If these .fundamental Principles are ac- 
cepted, and there would seam no reason why they 
should not be, as a vast amount of Experimental evi- 
dence has already been accumulated in support of each 
of there, then the process of Phaocytosis can, I 
think be satisfactorily explained in an analogous 
manner. Whether or net, the elements concerned in 
7=ha¡tocytosis are identical with the other bodies, 
involves the question of the multiplicity of these 
elements. That the immune body is, in all probe - 
bility a separate element can.I think be taken for 
,ranted_ as the specificity of those bodies, is now 
universally admitted; on the other hand, the ques- 
tion of the specificity of corn.:lements is one, on 
«thich opinion would seem to be largely divided. 
Having;, so to sDe; ._, cleared the ground by 
these rre.liminary observations, it is now Prcnosed to 
ap»ly% 
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aptly the above principles to the process cf Phago- 
c,rtocis . 
In doing so we assume: - 
1. That the process of phagocytosis, like other 
allied processes, is dependent on the action 
of two separate elements, on the one hand a 
thermolabile element, the complement on the 
other hand a thermostable element, the immune 
body. 
2. That these two elements are of leucocytic origin, 
and are found side by side in the body of the 
leucocyte, but are incapable of action, unless 
one element has become liberated from the cell- 
ular protoplasm. 
3. That under normal conditions only the complement 
is found free in the serum. 
A. In cases of Bacterial infection, or in process 
of immunisation, the immune body gradually in- 
creases, and can be demonstrated as existing 
free in the serum to a greater or lesser extent. 
5. That the immune body increases at the expense of 
the complement, and as a result we find, 
(a) In the body of the leucocyte, greatly 
increased immune body, complement 
either unaffected, as in the 




, or .greatly diminished?., 
as in the case of Bacterial Infec- 
tions. 
(b) In the serìu. , inn ne boy and :eorTr!le- 
ment exist side by side, the relative 
proportions of each depending upon 
the de ;ree of Imrmmisation, or the 
severity or otherwise of the Bacter- 
ial infection. 
If we now analyse these assumptions, VTO 
find that a very :_great deal of experimental evidence 
.can be cited, which though not, perhaps definitely 
proving, at least strongly supports the Possibility 
of their existence. Thus in regard to the initial 
assumption that the Process of }chap cc yt osis may in 
effect be the result of the combined action of two 
separate elements, we have thé evidence of Muir and 
Martin amongst others, that the opsonins of normal 
serum are definitely of the nature of complements, 
an opinion, which was arrived at, as the result of a 
series of experiments which in themselves would seem 
to be entirely conclusive. 
Admitted, therefore, that the oPsonins of 
'normal serum are of the nature of complements, the 
strong 
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stronfi; presumption naturally follows that anot:her 
element of the nature of an immune body may also be 
concerned in the process of phac_;ocyt osis . 'Tor have 
we far to seer. for evidence in support of this pre - 
sumption.:, since the Presence of a body in every re- 
spect analogous to the immune bodies concerned in 
the Processes of h.aer_lolysis and bacteriolysic> can be 
clearly demonstrated in certain sera, as for example 
immune sera, and the sera of individuals suffering 
from a Bacterial infection, in nest, if not all of 
which both elements can be demonstrated as existing 
side by side. 
The fact that no element corresponding,; to 
an imr 'ne body has been found in normal serum cannot 
I thin- be taken as Proof that such is not a necess- 
ary factor in the procesi of phagocytosis. The 
possibility that such an element may exist in the 
body of the leucocyte, has not so far as I am aware 
been suggested as a possible exPlanat.ion of the op- 
sonic action as concerned. in phagocytosis. That .such 
may, however, be the case cannot I think: be doubted 
from a study of the various allied Processes already 
referred. to, and the entire Metchnil,; off School might 
be cited in support of this suggestion. In addition 
to this sup-port, however, I have been led to the 
conclusioïl/ 
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conclusion that the two elements of the nature of 
immune body.and complement concerned in nhagocytosis 
are most Probably contained in the body of the leu- 
cocyte for the following reasons. 
(a) Where normal bloods are comPared, the source of 
the leucocyte would seem to be an indifferent 
factor. 
(i)) Whore abnormal bloods are comparu., the leuco- 
cyte would seem to be an essential factor in 
certain cases. 
(c) Whore a number of tuberc».lo- epsonic indices are 
estimated, the leucocytes of the individual 
cases being in each case employed (as in the 
Modified Method) the indices thus obtained am 
of a definite and consistent character. 
(r?.) When, on the other hand, normal leucocytes from 
a comr ion source are in each case employed (as 
in the Ordinary Method) and only tho individ- 
ual sera of the tuberculous cases tested, the 
indices thus obtained show a wide rance of 
variation. 
(e) That this variation corresponds somewhat closely 
to the range of variation observed with the 
heated sera of Tuberculous patients. 
As I have not previously had occasion to 
711ote/ 
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quote the results obtained with the heated sera of 
tuberculous patients, I miF,ht perhaps do so here. 
In this connection it will suffice to quote the re- 
sults of 25 cases recorded by Wright, in which the 
tuberculo- opsonic indices of the heated sera varier. 
from 09 to 1.70, only 3 of which were below -30. 
With the unheated sera of the same cases, a high in- 
dex was in every case obtained, the variation rang- 
ing from 1.00 to 1.80. 
Now, as a result of the heating all the 
thermolalbil' elements i.e. the complements are de- 
stroyed, and therefore on the assumption that two 
elements are relui red in order that pha oeytosis may 
taµ-e Place, a fresh supply of complement must ne- 
cessarily be obtained from another source. If so 
much be admitted, thon it will be evident that the 
only Possible source of this fresh -?Di)1y of com- 
plement must be the leucocyte. It will, therefore, 
follow that where the complement in the leucocyte is 
either in excess of. or dust sufficient to satisfy 
all the immune body in the serum, the resulting 
pha ;ocytosis will correspond to the amount of immune 
body in the serum.; if, however, the amount of com- 
Plement in the leucocyte has boon so far reduced that 
there is not a sufficient euant ity to satisfy all the 
irsatne / 
194. 
immune body in tho serum, the resulting phac;ooytosis 
will CorresPorld to the 1)['oPortion of immune body, 
which the complement in the body of +.h': leucocyte is 
capable of satisfying i.e. ,'ri 11 be reduced in pro- 
portion to the diminution of the complement in the 
leucocyte. 
The first case in which all the immune 
body in the serum can be corzplementeci by the leuco- 
cyte is analogous to what takes place in a Process of 
successful imunisation; the second case in 7hich 
only a proportion cf the iïm i. ne body in the SeruL1 
can be complemented by the leucocyte is analogous to 
whet takes Place in the abnormal Process of Bacterial 
Infection. 
Eef-,ro considering the distribution of the 
several elements in the case of inn:_une and abnormal 
bloods in which the free con7,_lement has not been de- 
stroyed by heat, it will be better in the first in- 
stance to enquire how these elements are distributed 
in the case of a normal healthy blood. For the sake 
of simplicity a diagramatic representation is given. 
?'10RHAL BLOOD. 
LEUCOCYTE CONTAINS. 
Normal quantity I;m::;zne body. 
Normal quantity C orlPlem:-;nt . 
When/ 
SERU CONTAINS. 
Normal free comple- 
ment. 
155 . 
When Bacteria are added to this blood, the 
free complement in the serum becomes immediately 
attached. to them, i.e. they are opsonised. If 
these opsonised Bacteria now come in contact with a 
leucocyte the immune body contained in the latter at 
once fixes the complement + Bacterium to the leuco- 
cyte and so phagocytosis takes place. 
When, however, a normal serum is heated 
and the free complement thus destroyed, nothing re- 
mains free in the serum capable of uniting with the 
Bacteria and as the complement and immune body con- 
tained in the leucocyte are firmly anchored to the 
cell protoplasm no phagocytosis can possibly take 
place. 
We must next consider what happens when the 
body ís invaded by Bacteria. Two results are possi- 
ble. 
1. If these protective elements are sufficiently 
strong and the Bacteria not too numerous the 
latter are immediately phagocyted or otherwise 
destroyed by the bactericidal actions of the 
serum and so nothing happens except perhaps 
that a step is taken in the direction of Im- 
munisation towards the invading Bacterium. 
2. If on the other. hand the protective elements are 
in themselves insufficient to rid the body 
completely of the Bacteria the latter settle 
down in the tissues and produce their patho- 
genic effect. 
It will thus be seen that in order that 
Bacteria/ 
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Bacteria may gain an entrance into the body and 
settle down there, they must be either in large 
numbers, or of unusual virulence or else we must pre - 
suppose an antecedent diminution in the protective 
elements. 
If we now apply this to the process of 
phagocytosis it follows that the protective element 
which must here be diminished, is the complement as 
this is the only element concerned in the process of 
phagocytosis which exists free in. the serum. This 
might be represented diagr_arnatically as follows - 
BLOOD PREDISPOSED TO BACTPRIAL INVASION. 
LEUCOCYTE CONTAINS SERUM CONTAINS. 
Normal quantity Immune Body diminished comple- 
diminished complement, ment. 
As the organ sm settles down and multiplies 
the reserve forces of the body, so to speak, are 
called into play i.e. the machinery of immunisation 
is set in motion and as a result the immune body 
contained in the leucocyte becomes steadily increas- 
ed, after a time a certain amount of the immune body 
is liberated from the leucocyte and is found free in 
the serui. As the immune body in the leucocyte in- 
creases it does so at the expense of the complement, 
and at the same time a progressive diminution in the 
Tree complement in the serum takes place. Such a 
diminution/ 
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diminution in the complement may, I think be safely 
assumed in light of the many discoveries which have 
been made in the case of analogous processes invol- 
ving the combined action of two similar elements. 
Thus for example in connection with the 
preparation of Antibacterial sera it has been clear- 
ly proved that a serum may be abundantly rich in Im- 
mune body and yet exert very little, if any Bacteri- 
cidal effect and it has been further proved that 
this failure in action is entirely due to the ab- 
sence of an adequate quantity of complement and fur- 
ther that the action of such an antibacterial serum 
can be greatly increased if the deficient complement 
is supplemented by the addition of a normal serum in 
which a certain amount of free complement naturally 
exists. This fact would seem to have been proved 
beyond all possibility of doubt in the case of anti- 
bacterial sera and so I do not think it is too much 
to assume that a corresponding diminution in the 
complement concerned in the process of phagocytosis 
may take place as a direct result of a Bacterial in- 
vasion. If we represent this diagramatically we 




When the Bacterial invasion is slight or 
results in a Chronic localised infection and when in 
consequence the machinery of immunisation is only 
stimulated to a slight extent - 
LEUCOCYTE CONTAINS. 
Increased Immune body 
diminished complement. 
SERUM CONTAINS. 
Small quantity Immune 
body considerably di- 
minished complement. 
If Bacteria are now added to this blood 
the following sequence of events will take place. 
In the first place, the complement which still re- 
mains free in the serum will immediately Bttach it- 
self to as many of the Bacteria as it can, and as a 
result the small quantity of Immune body which ex- 
ists free in the serum will be Immediately fixed by 
a corresponding quantity of the complement already 
attached.to the Bacteria,and as a result we will 
have - 
(a) A certain proportion of Bacteria to which 
both immune body and complement are at- 
tached. 
(b) Bacteria to which only complement is attach- 
ed. 
(c) Bacteria to which nothing is attached. 
Of/ 
Of these (a) and (b) are actively opsonised 
i.e. prepared for phagocytosis. 
(c) Are unnrerared and cannot be phagocyted. 
(a) 
Co) 
Are nhagocyted by the leucocytes irrespec- 
tive of the elements contained in the 
latter. 
Are pha rocyted as a result of the comple- 
ment attached to them becoming fixed by 
the innune body contained in the leuco- 
cyte. 
( c) Are incapable of being phagocyt ed . 
The deiree of phagocytosis will thus be 
diminished whether the leucocytes employed in esti- 
mating this are obtained from the same source as the 
serum or from a normal blood. 
I. 
When the Bacterial invasion is narked or 
results in an acute or Eenerallsed lesion and where 
in consequence the machinery of immunisation is 
stimulated to a marked extent 
LEUCOCYTE CONTAINS. 
Marked increase in Ir:n.nane 
Body. 
Marked diminution of coTg- 
p l ement. . 
'Th¢n,! 
S ERUF CONTAINS. 
Considerable quantity 
of Ix r,iune Body {vari- 
able). 
,.arked diminution of 
complement. 
20i. 
When Bacteria are brought in contact with 
this blood as in estimating the phagocytic power, 
the following sequence of events will take place. 
The small quantity of complement free in 
the serum at once attaches itself to as many of the 
Bacteria as it can. This complement will then fix 
a corresponding amount of the free Immune Body, and 
what still remains of the immune body becomes at- 
tached to as many of the Bacteria as it can, and as 
a result we will have. - 
(a) Bacteria to which both complement and 
immune boci.yy are attached. 
(h) Bacteria to which only immune body is 
attached. 
(c) Bacteria to which nothing is attached. 
As before (a) and (b) are actively opsonis- 
ed i.e. prepared for phagocytosis. 
(c) Are unprepared and cannot be phagocyted. 
(a) Are phagocyted by the leucocytes irrespec- 
tive of the elements contained in the 
latter. 
(b) Are phagocyted as far as the diminished 
complement in the body of the leucocyte 
will permit. In other words as soon as 
the small quantity of complement remaining 
in the leucocyte is saturated with the 
immune bodies + Bacteria, no further 
phagocytosis can take place even although 
a considerable number of the remaining 
Bacteria are still actively opsonised by 
virtue of the immune body which has at- 
tached itself to them. The degree of 
phagocytosis is thus markedly diminished 
irrespective of the amount of immune body 
found 
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found free in the serum, provided the 
leucocytes employed in estimating the 
phagocytic power are obtained from the 
same source as the serum and in which 
there is a marked deficiency in complement, 
The analogy between this result and that 
already referred to in the case of Anti- 
bacterial sera is very striking. 
On the other hand if the leucocytes employ- 
ed in estimating the Ilhagocytic power of the serum 
are obtained from a normal source, and in which there 
fore no deficiency in complement exists, the result- 
, 
ing phagocytosis will be eery markedly increased 
since all the iiirmrne body in the abnormal Serum to 
which Bacteria have become attached will now be readi- 
ly fixed by the complement in the normal leucocyte 
and the Bacteria will in consequence be immediately 
phagocyted. It may be stated in passing that it is 
to this fact that I attribute the different results 
which I have obtained in estimating the tuberculo- 
opsonic indices of acute cases of Tuberculosis by 
means of the Modified Method in which both the leuco- 
cytes and serum are obtained from the patient as com- 
pared with the results recorded by others for similar 
cases but in which the tuberculo- opsonic indices were 
estimated by means of the ordinary method when the 
serum of the patient is in every case tested with 
normal leucocytes. In the case of the latter re- 
sults 
results the high indices would correspond to cases 
in which there is a large quantity of free immune 
1)odzr in the serum and the fluctuations observed 
from day to day can be quite well explained as here- 
tofore by assuming that an auto- inoculation of the 
general system from the seat of infection takes 
place. The direct result of such an auto- inocula- 
tion, is in the first place, to decrease the quantity 
of free immune body and probably also the free corn- 
pleurent in the serum - the negative phase - subse- 
quently, however, the imr_mine body becomes again in- 
creased in excess - the positive phase -. When 
normal leucocytes are employed these fluctuations are 
readily detected as the normal leucocyte contains 
sufficient complement to satisfy all the immune body 
in the serum, when, however, the abnormal leucocyte 
is used these fluctuations cannot be detected as the 
small quantity of complement contained in the leuco- 
cyte is only sufficient to satisfy a small proportion 
of the total quantity of irarnine body in the serum. 
The following observation confirms to some 
extent the suggestion regarding the probable incapa- 
bility on the part of the abnormal leucocyte to take 
up more than a proportion of the immune body. The 
experiment was carried out some time before this 
theory/ 
theory in its present form was elaborated and at the 
time the results were not appreciated, but were sim- 
ply attributed to a difference in the functional 
activity of the two leucocytes. 
The experiment consisted in a comparison 
of the opsonic Index for Staphylococcus estimated on 
the one hand, by the Modified Method and on the other 
by the Ordinary Method; in the case of one of the two 
Guineapigs which I had attempted to immunise towards 
Staphylococcus. The Guineapig in question was 
Guineapig E. which as a result of the peritoneal in- 
jections had developed a considerable degree of 
Ascites. No injections of Staphylococci had been 
given for 12 days but a considerable degree of Asci- 
tes still persisted. The control was furnished by 
my own blood. - 
RESTLTS. ORDINARY METHOD. MODIFIED METHOD. 
S; elf 1°00 1.00 
Guineapig E. 64 °21 
Self Serum heated 
to 6000. z hour. 05 
í"ruinean? p' E¡¡.±±SF:ruI 
^ heated to !l©0 V . - hr. .40 
On analysis these figures are I think of 
partícul..,r intf7rest and the point which at once 
strikes 
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strikes one, is the fact that the heated Guineapig 
serum when tested with normal leucocytes shows a 
greater phagocytic power than does the unheated serum 
when tested with the abnormal leucocytes as in the 
case of the index estimated by the Modified Method. 
A diagramatic representation of the several 
elements in this blood would be as follows. 
GIiI HEAPI G E. 
LEUCOCYTE CONTAINS SERUM CONTAINS. 
Abundant Immune Body Considerable quantity 
practically no complement. immune body. 
Very small quantity 
complement. 
When the Bacteria are added to this blood 
the free complement in this caseta very small quanti- 
ty becomes attached to as many of the Bacteria. as it 
can,and this combination then fixes a corresponding 
quantity of the free immune body, the remainder of 
the immune body attaching itself to as many of the 
Bacteria as it can - thus we have - 
(a) Bacteria to which both Immune body and 
complement are attached. 
(b) Bacteria to which only immune body is 
attached. 
(o) Bacteria to which nothing is attached. 
(a) and (b) are actively opsonised i.e. prepared 
for phagocytosie. 
(c) Are unprepared and cannot be phagocyted. 
(a) Are immediately phagocyted. by Ale leuco- 
cytes irrespective of the :le,uents con- 
tained in the latter. 
(b) In this case practically none of the Bac- 
teria to which only irruiune body is at- 
tached can be pha goeyted as there is al- 
most no complement in the leucocyte to 
which the illumine body can become fixed. 
The resulting phagocytosis is therefore, 
very limited as is shown by the index of 
'21 obtained by the Modified Method. 
If., however, normalleucocytes are substi- 
tuted for the abnormal then (a) are phagocyted as 
before and in this case (b) are also phagocyted as 
there is plenty of complement in the normal leucocyte 
to which the immune body can become attached. The 
resulting phagocytosis is therefore, considerably in 
creased as is shown by the index of 64 obtained by 
the Ordinary Method. As furnishing a concrete 
example of what has been laid down more or less on 
theoretical grounds these results are of the very 
greatest interest and apart from some such explana- 
tion I have not been able to imagine any other which 
would at all account for their occurrence. 
There is just one other condition which we 
must consider, and that is the distribution of the 
several elements in the blood where a condition ' of 
successful immunisation has been established. In- 
diagramatic" 
diagramatic form this would be as follows. 
IMMUNE BLOOD. 
LEUCOCYTE CONTAINS. SERUM CONTAINS. 
Large amount Immune Body. Large quantity Iinrune 
Complement somewhat di- Body. 
minished but not marked- Complement diminished. 
ly so or not at all. 
In this case when Bacteria are added to 
the blood, the free complement immediately attaches 
itself to as many of the Bacteria as it can, and this 
combination then fixes a corresponding quantity of 
free immune body the remainder of the immune body 
becoming attached to as many of the Bacteria as are 
left. We thus have. 
(a) Bacteria to which both immune body and corn- 
plement are attached. 
(b) Bacteria to which only immune body is at- 
tached. 
(c) In this case there will be no bacteria to 
which nothing is attached but rather 
will there be a surplus of immune body, 
there being no bacteria left to which it 
can become attached. 
(a) and (b) Are as before actively opsonised i.e. 
prepared for phagocytosis. 
(a) Are immediately phagocyted by the leuco- 
cytes irrespective of the elements con- 
tained in the latter. 
(b) Are phagocyted by virtue of the complement 
contained in the leucocyte to which the 
immune/ 
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immune body can become attached. 
Such it would seem to roe is the most likely 
distribution of the several elements in the case of 
an irlrzune Blood. It would, therefore appear that 
just as in the case of antibacterial sera so also in 
the process of phagocytosis, the production of a true 
immune serum would seem to depend on the elaboration 
of a large quantity of iislune body without at the 
same time dirzinishing the quantity of. complement. 
This it will be seen is the essential difference bet - 
ween a true immune serum and a serum the result of a 
Bacterial infection and similarly in the case of the 
elements contained in the body of the leucocyte where 
the process of phagocytosis is under consideration. 
From this it will follow that in Bacterial Infections 
where recovery takes place a condition analogous to 
that of a true immune blood must be eventually estab- 
lished by the unaided efforts of the body. 
If we now briefly recapitulate the various 
points which have been considered in discussing this 
theory we find. -- that as a theory it explains the 
known facts regarding the opsonic action of. - 
1. Normal unheated serum. 
2. Normal heated serum. 
3/ 
3. Immune Serum unheated. 
4. Immune serum heated. 
5. Serum of. a Patient suffering from a bac- 
terial infection - acute or chronic more 
especially in the case of Tuberculous 
infections. 
o The heated sera of patients suffering from 
the same conditions. 
In addition it would also seem to satis- 
factorily explain the following points. 
That when the phagocytic power of normal 
bloods is compared the leucocyte would 
seem to be an indifferent factor. 
8. That in the case of certain abnormal bloods 
especially the milder and more chronic 
forms of bacterial infection the leuco- 
cyte would also seem to be an indifferent 
factor where the phagocytic; power a 
these bloods is compared with the normal. 
3. That in cases where the Bacterial infection 
is more acute or more generalised the 
extent of the resulting phagocytosis 
would seem to be very largely dependent 
on whether the normal or the abnormal 
leucocyte is employed in estimating the 
phagocytic power. 
In the case of the first r points the 
theory has been sir.rly applied to explain certain 
facts which have been established the experimental 
research of many authorities. In the case of the 
last three points, the experimental evidence is ad- 
mittedly insufficient but at the same time, what evi- 
dence 
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evidence there is points conclusively in the one 
direction and in addition several anomalous results 
can he explained in this way and apparently in no 
other way. The theory as such is also equally ap- 
plicable to the various other established facts re- 
garding opsonins, a summary of which is appended at 
the conclusion of Part I (vide supra.) 
The fundamental principles already refer- 
red to and on which this theory is based have been 
proved experimentally in the case of the correspond - 
ing elements concerned in the processes of Haemolysis 
rtndi. Bacteriolysis. ' Ta:en as a whole this theory is 
largely an application of that advanced by Ehrlich 
to explain these allied processes with this addition 
that a definite origin is allocated to the elements 
concerned, and in this connection Metchnikoff.'s hypo- 
thesis has been applied. The combination of. these 
two theories is I think justified by Metchnilkoff's 
own words which are to this effect that the two 
theories (referring to Ehrlich's and his own) may 
supplement each other but that they are in no way 
contradictory. 
It is not now proposed to discuss the 
question of Vaccine treatment in relation to the 
possible/ 
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possible explanation of opsonic action suggested in 
the above Theory; much more experimental evidence 
will require to he accumulated ere such a discussion 
is likely to prove of much value: but should such 
evidence support this view, there can be little 
doubt that it will have a very important bearing on 




Sir:ce the completion of this work, ï have 
been able to examine the tuberculo- opsonic indice 
of other 16 cases of Tuberculous Infection, and as 
these results form .a valuable addition to those al- 
ready recorded, I have thought it advisable to add 
theca in the form of an appendix. As in the former 
case they comprisedifferent varieties of the disease 
and in varying degrees of acuteness. In the sub- 
joined table the most actively acute cases are again 
printed in red characters, the less acute and more 
localised cases in black . Two of the cases, namely 
Pos. 4 anc? 7, were examined on the first occasion as 
well, and are included in the original table, p.141, 
los. 4 and 14 respectively. 
At the time of examination all the patients 
in the following Table were under treatment in the 




to TABLE IV. (p. 141.) 
NO. NAME. NATURE OF TUBERCULAR LESIONS. 
T.B. 
INDEX. 
1. McCook. Acute Active Pulmonary 
Tuberculosis. '50 
2. Fenton. Acute Active Pulmonary 
Tuberculosis. 44 
3. McLeish. Goitre with Tubercular 
Glands in Neck. 82 
4. Tif.fney. Double Apical Phthisis 
Acute, active. 44 
5. McManns. Acute Active Pulmonary 
Tuberculosis. 65 
6. Laidlaw. Chronic Phthisis, slight 
Haemoptisis. 71 
7. Sutherland. Advanced Acute Pulmonary 
Tuberculosis. 65 
8. Wilson. Early Phthisis, slight 
temperature. 72 
9. Harrison. Acute Phthisis & Laryngeal 
Tuberculosis. 66 
10. McLeod. Tubercular Peritonitis with 
Pulmonary Phthisis. 64 
11. Macrae. Chronic Phthisis, no tempera- 
ture. 82 





NO. NAME. NATURE OF TUBERCULAR LESIONS. 
T.B. 
INDEX. 
13. Chalmers. Early Phthisis, no tempera- 
ture. 75 
14. Sinclair. Early Phthisis Basal, no 
temperature. 52 
15. Alexander. Active Abdominal & Pulmonary 
Tuberculosis. 63 




APPENDIX (cont . ) 
These results it will be seen correspond 
very closely with those already recorded in the pre- 
vious table. Thus in every case a low index is ob- 
tained, and also the acute cases shoir a distinctly 
lower index than the more chronic varieties. 
The averages are: - 
For the 8 acute cases, 57 as compared with 5L 
previously obtained for similar cases. 
(b Y For the 8 more chronic cases 75 as compared 
with '7Z previously obtained for similar cases. 
The Indices of the two cases examined on 
both occasions are: - 
TTo.4 Ist Exam. 44 2nd Exam. 44 
TTo.6 rio. .56 do .65 
Taken all over these indices are a little 
higher than those previously obtained, but not to 
any marked extent, and they again bear out the con- 
sistncy shown in the previous series. 
There is one other case to which reference 
must be made. It is not included in the Table as the 
diagnosis is somewhat uncertain. 
The case in question is that of a man - 
Stevenson/ 
APPENDIX (cont.) 
Stevenson - aged. F 2, suffering from Pulmonary trouble 
A diagnosis. of Pulmonary Tuberculosis had been 
arrived at by those in charge of the case, and it 
was on this understanding that I examined his ttfter- 
culo- epsonic index. An index of 1'06 was reclor,1 
T have since. made a thorough enquiry regarding this 
case and as a result have elicited the following 
facts. 
The Patient is a seaman and the present 
illness comnenced acutely at the beginning of Feby. 
1907, two days after a severe wetting while at sea. 
The onset was accompanied by shivering, the patient 
subsequently becoming very feverish. Cough also 
developed and caused him pain in the Hight side. 
he remained feverish for some days, and was apparent 
ly acutely 111. Subsequently the fever disappeared 
but the patient did not regain strength, and the 
cough has persisted since that time. He has got 
steadily Streaker and the cough has continued without 
abatement ; throughout there has been a large quanti- 
ty of thick dirty sputum. There have been no night 
sweats at any tine, and there has been no temperature 
recorded above normal, since admission. There is no 
family history of tubercle. 
The physical signs point to an apparently 
complete/ 
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complete consolidation of the upper lobe of Right 
Lung th.P, area of percussion dullness, marking off the 
borders of this lebe in a fairly c'+_efinite ma=er. ,
Coarse cx:'epi tation and Bronchial breathing are heard 
all over this area. At the Left apex, percussion is 
slightly hyper- resonant and expiration somewhat pro - 
longed i i t there aro no accompaniments: otherwise 
both lungs are apparently healthy, the physical signs 
in other regions being more or less normal. The 
sputum, has been frequently examined, but no Tubercle 
Bacilli have been found. Cu the other hand I have 
since ascertained that the sputum is swarming with 
diplococci, quite indistinguishable from ordinary 
Pneumococci . The sputum is very thick and tenacious 
and does not in the least give me the impression of 
a tuberculous sputum; it is also brownish and appa- 
z'ently blood- stained in places. 
This.history is necessarily brief, but I 
think it will suffice to show that the diagnosis of 
Tubercle is by no means certain . Personally I am 
of opinion that the case is one of unresolved Pneu- 
monia of the Right upper lobe, and the following 
points, I think, support this diagnosis. 
(1) The age cf Patient. (.2) 
(2) The acute onset of illness with shiver- 
ing/ 
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shivering anci feverishness, following on a. severe 
wetting 1rhi3 st, heated at work and accompanied by 
cough and pain in side. 
(7) The subsequent disappearance of fever 
with persistence of general debility and. cough. 
(4) The absence of night sweats throughout 
and of temperature since admission to hospital. 
(5) The definite limitation of dullness 
apparently'to one lobe. 
(6) Absence of physical signs in other 
parts cf lungs. 
(7) Nature of Sputum, the absence of T.3., 
and the presence of large numbers of Pneumococci 
therein. 
(8) Also there is no history of cough or 
lung trouble previous to present illness. 
Taking everything into consideration, the 
ituherclo- opsonic index of 1.06 assumes a very signi- 
ficant character and I am not inclined to regard this 
index as an exception to the general rule that Tuber- 
cu loua cases show a consistently low index, but the 
after history will alone afford conclusive proof as 
to whether it is in reality accurate or not. 
Taken all over the indices of the 16 addi- 
tiona.l cases largely confirm the results previously 
obtained/ 
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obtained for 30 casés, and for that reasoil they add 
very material support to the conclusions arrived t 
in the text which as already stated igere largely 
based on the assumption that further investigation 
would be of a confirmatory nature. 
Summary 
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SUMMARY of GENERAL CONCLUSIONS. 
A Summary of conclusions regarding the 
opsonic content of serum, its nature, mode of action 
&c. arrived at from a study of the literature rela- 
tive to this subject, has already been given at 
the conclusion of Part I. page 60. 
The conclusions summarised belon rr refer 
entirely to Parts II., III., & IV., and have been 
arrived at as a result of the various experiments 
carried out by the writer. They are as follow: - 
1. That no definite parallelism can be demonstrated 
as existing between either the total number 
of leucocytes or the number of any one vari- 
ety and the variations in the opsonic indices 
of normal individuals. 
2. That one and the same normal serum may show a 
comparatively high opsonic index for one or- 
ganism and at the same time a comparatively 
low index for another orq,anism. 
3. That this difference is in all probability due 
to a certain degree of specificity on the 
part 
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part of the opsonins of normal serum. 
4. That in health the opsonic index of normal in- 
dividuals varies from about 30 to 1420 in 
the case of Staphylococcus Pyo;.Aur., Tuber- 
cle Bacillus, B.Coli and B.Typhosis. 
5. When the same blood is examined from day to day 
variations in the opsonic Index are also 
recorded, but the whole range of variation 
in this case is not very great, only being 
about 1. 
6. That when sera are kept for varying periods, 
from 24 hrs to 18 days, in a sealed sterile 
glass capsule and in contact with the cor- 
pusclar elements, the opsonic poTer is com- 
pletely retained and in the large majority 
of cases slightly increased, the aveage 
Index being 1,06 as compared with fresh nor - 
m21 serum. 
7. That when the same sera are kept for the same 
time in the same manner but separate from 
the corpuscular elements, a marked diminuti- 
on in the phagocytic power results, the av- 
erage index being 63 as compared with fresh 
normal serum. 
3. That where a serum such as that described in 7. 
is incubated with fresh washed corpuscles 
for/ 
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for 24 hrs. the phagocytic power is again 
increased, the average index being '72 as 
compared wit?i fresh normal serum. 
9. That where sera are kept for varying neriods in 
contact with the corpuscles, but in an open 
capsule and thus exposed to Bacterial con- 
tamination a marked diminution in the pha- 
gocytic pourer results, the average index 
being 77 as compared with fresh normal 
serum. 
l0. From the results referred to in $,7 and 8, ï 
conclude that the corpuscular elements and 
of these most likely the leucocytes are in 
some way concerned in the production of 
opsonins. 
11. That when a serum is digested for an hour 
with one variety of organism and the latter 
are subsequently removed by centrifuga.lisa- 
tion, the phagocytic pourer of the serum so 
treated is thereby reduced to a considerable 
extent for all organisms but that the re- 
duction is very much greeter for that parti- 
cular organism with which the serum has 
been previously digested. 
12. That the saine fact is brought out if the serum 
so/ 
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=.o treated is subsequently tested with an 
emulsion consisting of two varieties of 
organisms one of which beinF, the same as 
that variety with which the serum was pre- 
viously digested. 
13. From the results referred to in 11 and 12, I 
conclude that a certain degree of specificity 
of the opsonins of normal serum probably ex 
exists but that thin is by no means absolute. 
14. That Bacteria when digested with normal serum 
remove from the latter more of the opsonins 
than are actually required to prepare them 
for phagocytosís and that this excess can be 
recovered by washing the Bacteria so treated 
in normal saline solution. 
15. That Bacteria so treated and subsequently washed 
in normal saline solution are very actively 
opsonised and can be phagocyted by washed 
leucocytes in the entire absence of blood 
serum. 
16. That opsonised staphylococci can be readily 
cultivated in the ordinary way yielding a 
copious growth in 24 hours. 
17. That the intraperitoneal injection of a Bone 
harrow emulsion in gninearigs alters to some 
extent the relative proportions of the differ 
ent varieties of leucocytes,but that this 
has/ 
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has apparently no definite effect on the 
opsonic Indices. 
18. That the intraperitoneal injections, in guinea - 
pigs of an emulsion prepared from the mes- 
enteric gland and spleen also alters to 
some extent the relative proportions of the 
different varieties n_f leucocptes but that 
this has apparently nc definite effect on 
the opsonic indices. 
19. `l'Yet the intraperitoneal injections of a sterile 
staphylococcal emulsion in guineapigs in 
the first place diminishes the opsonic index 
for that organism subsequently however in- 
creasing it to some extent. 
20. Although the opsonic index is thus increased 
only quite a small proportion of true 
immune body can be demonstrated as exist- 
ing free in the serum. 
21. In the case of one of the guineapigs, Ascites 
resulted from the intraperitoneal injections 
of Staphylococcal Emulsion and in this case 
the opsonic index for that organism assumed 
a very variable character, fluctuating 
within very Tide limits. 
22. That the opsonic index for B. Coli. remains 
unaffected by the intraperitoneal infections 
of a sterile Staphylococcal Emulsion. 
23. That/ 
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23. That the method described. as the "Modified 
Method" is a simple and rapid procedure 
for estimating the phagocytic power of 
different bloods. 
24. That the technique involved when the Modified 
Method is employed, introduces if anything 
fewer possible sources of experimental 
error than does the Ordinary Method. 
25. That the addition of Sodium Citrate solution to 
the serum when the ordinary method is em- 
ployed does not in any fray alter the opsonic 
index of the serum under consideration. 
26. That the presence therefore of the Sodium Cit- 
rate solution in the mixture when the 
Modified Method is employed does not in any 
way alter the opsonic index of the blood 
under consideration. 
27. That the blood can be' kept for a considerable 
time mixed with the Sodium Citrate solution 
and can be subsequently tested with bacteria 
without in any way altering the result, pro- 
vided the control blood from which the 
index is calculated is subjected ' t o exactly 
the same treatment. 
28. That when the opsonic indices of the same normal 
bloods/ 
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bloods are estimated by the modified method 
and by the ordinary method the results in 
the great majority of cases are practically 
identical. 
29. From the results referred to in 24, 25, 26, 27, 
and 28, the modified method may be consider- 
ed as accurate as t.n.e existing method. 
30. That '.rhere the opsonic indices of a number of 
normal bloods are estimated by the modified 
method alone the range of variation in 
these is rather less than when the ordinary 
procedure is adopted. 
3l. That when a number of Tuberculous patients pre 
examined the tubercolo-opsonic indices re- 
corded by the modified method are of a very 
definite and consistent character. 
32. That in the case of acute Tuberculous infec- 
tions a very low tuberculo- opsonic index is 
invariably obtained by the modified method, 
a result which is in sari} ink contrast to 
the tuberculo-opsonic indices of similar 
cases recorded by the ordinary procedure. 
In this connection however the results 




33. From a general analysis of the tuberculo- opsonic 
indices estimated by the modified method for 
30 tuberculous cases taken indiscriminately 
and comprising all varieties or the disease, 
the different indices would seem t:o diminish 
in a fairly d finite manner accrd.ing to 
the severity of the disease. 
34. That the essential diffelence in the two methods 
namely the modified method and the ordinary 
method is - that in the case of the latter 
the leucocytes are in every estimation ob- 
tained from a common source whereas in the 
former the leucocytes are in each estimation 
those of the blood under consideration. 
35. From a consideration of the above results and 
from a thorough revision of the experimental 
data on which was based the opinion that 
the leucocyte is an indifferent factor. 
I have been led to the conclusion that such 
is not the case, but rather that the leu- 
cocyte in certain cases, at least, is an 
essential factor in the process of phago- 
cytosis . 
36. In attempting to arrive at a satisfactory ex- 
planation of several of the results obtained 
in/ 
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in the corrse of this work, a theory has 
been elaborated regarding the possible 
nature of phagocytic action. 
37. This theory is based on several fundamental 
principles which have been established ex- 
perimentally in the case of se. eral allied 
processes. 
38. As a theory it involves the cor_!bined action of 
two elements Complement and Imr.lune body in 
order that phagocytosis may take place. 
39. That both of these elements are contained in 
the cellular protoplasm of the leucocytè. 
40. That only complement is found free in the serum 
under normal conditions. 
41. That immune body is only found free in the 
serum when a condition of immunity is es- 
tablished or as a result of a bacterial 
Infection. 
42. That under these circumstances immune body 
increases at the expense of the complement 
both in the body of the leucocyte and in the 
serum. 
43. That this is entirely ar,aloFrou.s to what, has al- 
ready been proved in the case of anti- 
bacterial sera in general. 
44/ 
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44. That complement can exist side by side in the 
serum without combining. 
45. That either complement or imrune body is cap- 
able of uniting with the Bacterium. 
46. That this combination immediately fixes a corre- 
sponding amount of the other free element. 
47. That Bacteria thus combined with both immune 
body and complement are actively opsonised 
and can be phagocyted irrespective of the 
elements contained in the leucocyte. 
48. That the Bacteria combined with complement 
alone are also opsonised but can only be 
phagocyted by virtue of the irT.zne body 
contained in the leucocyte. 
49. Similarly that Bacteria combined with immune 
body alone are also opsonised, but can only 
be phagocyted by virtue of the complement 
contained in the leucocyte. 
50. That in the case of abnormal bloods the com- 
plement contained in the leucocyte is very 
considerably diminished and so the result- 
ing phagocytosis is likewise diminished 
irrespective of the amount of free immune 
body contained in the serum. 
51. When however a normal leucocyte is employed in 
estimating the phagocytic power this dimi- 
nution 
diminution is not, indicated as the normal 
leucocyte contains quite a sufficient 
quantity of cor1?lement to take up all the 
free inmune body in the abnormal serum. 
52. That the difference between a condition of true 
immunity and a condition the result of a 
bacterial infection is - that in the former 
care immune body is elaborated in consider- 
able quantity, but at the flame time the 
complement in the leucocyte is preserved 
in sufficient quantity to tae up all the 
free inmune body in the serum: in the latteít 
case immune body may be elaborated in very 
considerable quantity, apparently depending 
on the acuteness of the Infection, but at 
the same tine the complement in the leuco- 
cyte is so mrch diminished that it is in- 
ca.p:_t11e of taking up more than a small pro - 
portion of the free imrzne body in the 
serum. 
JO. That most, if not all of the known facts re- 
lative to opsonins which have already been 
established experimentally can be satis- 
factorily explained by this theory. 
54. That in the same vray some of the questions re- 
garding/ 
222°' 
reFeardinç which diversity of opinion would 
at present seer to exist also meet with a 
satisfactory explanation. 
Of the above conclusions those having 
reference to the theory rep-arding the possible 
nature of phagocytic action have been arrived at 
partly from a study of analogous processes,'and 
partly as explanatory of several experimental re- 
sults recorded in the crn=le of this work. 
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